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In  conducting  research  using  animals,  the  investigator (s) 
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investigator (s)  adhered  to  the  sttt  Guidelines  for  Hesearch 
Involving  Recombinant  DHA.  Molecules. 

•)J  0  In  the  conduct  of  research  involving  hazardon^  organisms , 
the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


Thompson,  H.J.  (146-38-3497) 


TABLE  OF  CONTENTS 


SECTION  PAGE  NO. 


ABSTRACT  2 

FOREWORD  3 

TABLE  OF  CONTENTS  4 

INTRODUCTORY  COMPONENTS  5 

PROPOSAL  RELEVANCE  5 

TECHNICAL  OBJECTIVES  7 

BODY  OF  PROGRESS  REPORT  8 

MATERIALS  AND  METHODS  8 

Animals 

Diet  Formulations 
Analytical  Methods 


Urinary  malondialdehyde 
Mammary  tissue  malondialdehyde 
Mammary  tissue  8-hydroxydeoxyguanosine 
Liver  8-hydroxydeoxyguanosine 
Analyses  of  DNA  and  RNA 


RESULTS  AND  DISCUSSION  1 1 

Evaluation  of  the  Antioxidant  Properties  of  Conjugated 
Linoleic  Acid  in  the  Rat. 

Carcinoma  clonality,  multiplicity  and  anatomical  regional 
differences  of  pathogenetic  traits  in 

1 -methyl-1 -nitrosourea-induced  rat  mammary  carcinogenesis. 

Retention  of  Conjugated  Linoleic  Acid  in  the  Mammary 
Gland  is  Associated  With  Tumor  Inhibition  During 
the  Post-Initiation  Phase  of  Carcinogenesis. 

Gene  expression  changes  associated  with 
chemically-induced  mammary  carcinogenesis. 

CONCLUSIONS  14 

OVERALL  REFERENCES  14 

APPENDIX 


4 


Thompson,  H.J.  (146-38-3497) 


INTRODUCTION 

PROPOSAL  RELEVANCE.  !n  1981  Doll  and  Peto  (1)  estimated  that  nutrients  and  other 
dietary  factors  could  account  for  a  significant  percentage  of  the  risk  for  epithelial  cancers  in  the 
United  States  and  recently  Doll  (2)  has  suggested  that  approximately  35%  of  these  cancers 
may  be  preventable  via  changes  in  dietary  behaviors.  Of  the  nutritional  and  dietary  factors 
considered  with  regard  to  the  risk  for  breast  cancer,  the  role  that  the  amount  and  type  of  dietary 
fat  and  calories  play  in  the  disease  process  has  received  prominent  attention.  This  work  has 
recently  been  reviewed  (3,4).  Two  facts  that  have  surfaced  in  this  area  of  investigation  are 
particularly  relevant  to  the  experiments  being  conducted.  First,  the  level  of  caloric  intake  has  a 
prominent  effect  on  mammary  tumorigenesis  (3)  and  second,  dietary  fat  has  a  specific  effect  on 
mammary  tumorigenesis,  but  this  effect  is  observed  only  when  caloric  intake  is  ad  libitum  (3). 
Our  laboratory  was  one  of  the  first  to  report  the  requirement  for  ad  libitum  intake  for  a  fat 
specific  effect  on  mammary  tumorigenesis  to  be  manifest  (5),  an  observation  that  has  recently 
been  confirmed  by  others  (6).  It  appears  that  this  observation  applies  over  a  range  of  dietary  fat 
concentrations.  Given  that  a  major  health  concern  in  the  United  States  continues  to  be  the 
consequences  of  intake  of  calories  in  excess  of  energy  needs,  it  is  probable  that  fat  specific 
effects  are  being  exerted  in  the  U.S.  population  and  other  societies  in  which  there  is  a  surfeit  of 
dietary  calories. 

As  part  of  an  overall  public  health  initiative,  Americans  are  being  encouraged  to  eat  less  and 
exercise  more  in  order  to  maintain  "ideal"  body  weight,  and  to  reduce  the  percent  of  dietary 
calories  that  they  consume  as  fat  (7).  This  advice  is  given  with  greatest  specificity  for 
prophylaxis  of  diseases  of  the  heart,  but  these  recommendations  also  apply  to  cancer, 
especially  of  the  breast  and  colon.  In  general,  it  is  recommended  that  dietary  fat  intake  be 
reduced  to  <  30%  dietary  calories  with  <  10%  provided  as  saturated  fat,  10%  as 
monounsaturated  fat  and  10%  as  polyunsaturated  fat.  An  opportunity  exists,  therefore,  to  make 
recommendations  about  the  specific  fats  that  provide  these  calories.  With  regard  to  cancer,  a 
principal  interest  lies  in  altering  the  type  of  polyunsaturated  fatty  acids  (PUFA)  that  are  being 
ingested.  The  question  now  receiving  particular  attention  is  whether  all  families  of  PUFA  have 
similar  effects  on  tumorigenesis  and  if  individual  fatty  acids  have  selective  effects  on  the 
mammary  gland.  The  program  of  research  being  conducted  on  this  grant  specifically 
addresses  this  issue.  We  are  investigating  the  cancer  preventive  activity  of  a  specific 
fatty  acid,  conjugated  linoleic  acid  (CLA),  and  we  are  studying  various  mechanisms  that 
may  account  for  its  protective  activity. 

CLA  ,  a  collective  term  that  refers  to  conjugated  dienoic  derivatives  of  linoleic  acid,  is  a 
naturally  occurring  substance  in  dairy  products  and  in  animal  tissues.  In  a  number  of  recent 
publications  evidence  has  emerged  indicating  that  CLA  fed  in  the  diet  is  a  potent  inhibitor  of 
chemically-induced  mammary  carcinogenesis  in  the  rat  (8-11).  This  effect  of  CLA  is  in  sharp 
contrast  to  that  of  linoleic  acid  which  has  been  shown  to  stimulate  the  carcinogenic  process  in 
the  same  tumor  model  system  in  a  dose  dependent  manner.  Of  added  interest  is  the  apparent 
potency  of  CLA  in  cancer  prevention  in  comparison  to  other  fatty  acids  reported  to  have  cancer 
inhibitory  activity.  The  most  prominent  among  these  are  the  fatty  acids  in  fish  oil.  However,  the 
amount  of  fish  oil  needed  for  cancer  inhibitory  activity  usually  exceeds  10%  (w/w)  in  the  diet. 
Recent  work  indicates  that  a  level  of  CLA  as  low  as  0.1%  (w/w)  was  sufficient  to  produce  a 
significant  inhibition  of  mammary  carcinogenesis.  Thus,  CLA  is  considerably  more  potent  than 
any  other  fatty  acid  in  inhibiting  tumor  development. 

The  potential  relevance  of  these  observations  for  cancer  prevention  in  humans  is  considerable. 
In  a  direct  extrapolation  of  the  laboratory  animal  data  to  a  55  kg  person,  the  amount  of  CLA 
required  for  cancer  prevention  would  be  equivalent  to  2.8  g  per  day.  The  current  estimate  of 
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CLA  consumption  per  day  in  the  United  States  is  1  gram.  The  difference  in  these  values  is 
relatively  small.  Given  that  dietary  levels  of  at  least  1.5%  CLA  (w/w)  can  be  fed  chronically 
without  adverse  consequences,  it  appears  that  achieving  a  protective  level  of  CLA 
consumption  is  quite  feasible.  CLA  offers  great  potential  as  a  preventive  agent  and  could  even 
be  provided  at  effective  levels  via  the  food  supply  either  via  designer  foods  or  as  a  dietary 
supplement. 

In  the  work  currently  being  conducted  on  this  grant  we  are  investigating  the  biological 
activity(s)  of  CLA  that  account  for  its  cancer  preventive  activity.  Our  working  hypothesis  is  that 
CLA  affects  the  processes  of  clonal  expansion  and/or  clonal  selection  via  modulating  genetic 
and/or  epigenetic  mechanisms  obligatory  for,  or  permissive  to  the  carcinogenic  process.  This 
hypothesis  is  being  evaluated  by  determining  the  effect  of  CLA  on  the  expression  of  molecular 
markers  relevant  to  the  process  of  mammary  carcinogenesis.  These  investigations  may  identify 
critical  molecular  events  that  can  be  targeted  for  cancer  prevention. 

References  For  This  Section 

1.  Doll  R.  and  Peto,  R.  (1981)  The  causes  of  cancer:  quantitative  estimates  of  avoidable  risks 
of  cancer  in  the  United  States  today.  J.  Natl.  Cancer  Inst.  66:1191-1308. 

2.  Doll,  R.  (1992)  The  lessons  of  life:  Keynote  address  to  the  Nutrition  and  Cancer 
Conference.  Cancer  Res.  52:2024s-2029s. 

3.  Welsch,  C.W.  (1992)  Cancer  Research  (Suppl.)  52:2040S-2048S. 

4.  Welsch,  C.W.  (1992)  In  Exercise.  Calories.  Fat,  and  Cancer.  Adv.  in  Exper.  Med.  Biol.  322, 
pp. 203-222. 

5.  Thompson,  H.J.,  Meeker,  L.D.,  Tagliaferro,  A.R.  and  Roberts,  J.S.  (1985)  Nutr.  Cancer 

6.  Welsch,  C.W.,  House,  J.L.,  Herr,  B.L.,  Eliasberg,  S.J.,  and  Welsch,  M.A.  (1990)  J. 
Natl. Cancer  Inst.  82:1615-1620. 

7.  National  Research  Council  (1989)  Diet  and  Health.  Implications  for  reducing  chronic  disease 
risk.  National  Academy  Press,  Washington,  D.C. 

8.  Ha,  Y.L.,  Grimm,  N.K.  and  Pariza,  M.W.  (1987)  Carcinogenesis  8:1881-1887. 

9.  Pariza,  M.W.,  and  Yeong,  L.  HA.  (1990)  Med.  Oncol.  Tumor  Pharmacother.  7:169-171. 

10.  Yeong,  L  Ha,  Storkson,  J.  and  Pariza,  M.W.  (1990)  Cancer  Res.  50:1097-1101. 

11.  Ip,  C.,  Chin,  S.F.,  Scimeca,  J.A.  and  Pariza,  M.W.  (1991)  Cancer  Res.  51:6118-6124. 
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TECHNICAL  OBJECTIVES  OF  THIS  PROJECT 

Objective  1 .  Does  CLA  inhibit  the  formation  of  oxidative  damage  to  DNA? 

CLA  has  been  reported  to  be  a  potent  antioxidant  in  test  tube  assays,  but  its  biological  activity 
as  an  antioxidant  is  unclear.  During  the  past  year  we  have  further  investigated  whether  CLA 
has  antioxidant  activity  in  the  mammary  gland. 

Objective  2.  Does  CLA  alter  the  process  of  clonal  expansion  that  occurs  in  the 
mammary  gland  in  response  to  carcinogenic  insult? 

During  this  reporting  period  it  was  determined  the  CLA  inhibits  mammary  carcinogenesis 
irrespective  of  the  presence  of  a  mutation  in  codon  61  of  the  Ha-ras  gene.  Thus  we  undertook 
the  identification  of  other  pathogenetic  markers  in  the  model  systems  of  mammary 
carcinogenesis  that  are  being  used.  This  gives  us  a  new  set  of  biomarkers  by  which  to  assess 
the  effects  of  CLA  on  the  process  of  clonal  expansion. 

Objective  3.  Does  CLA  affect  the  process  of  clonal  selection  such  that  the 
pathogenetic  pathway  leading  to  mammary  tumor  formation  is  altered? 

The  hypothesis  that  forms  the  basis  for  this  objective  is  that  CLA  inhibits  tumor  occurrence  by 
modulating  the  "activity"  of  specific  genes,  whose  misregulation  is  central  to  the  carcinogenic 
process.  The  key  issue  is  to  identify  the  genes  that  CLA  modulates,  and  whether  the  effect  is 
direct  or  indirect.  CLA  reduces  but  does  not  completely  inhibit  the  occurrence  of  mammary 
carcinomas.  We  reason  that  treatment  with  CLA  will  result  in  the  occurrence  of  a  population  of 
tumors  that  have  a  different  spectrum  of  genetic  defects  than  those  tumors  that  occur  in  the 
absence  of  CLA  treatment,  i.e.  that  CLA  will  alter  the  process  of  clonal  selection.  The  first  set  in 
achieving  this  objective  has  been  accomplished  in  the  identification  of  candidate  genes  that  are 
over-expressed  during  the  process  of  mammary  carcinogenesis.  Our  goal  is  to  determine 
whether  the  expression  of  these  genes  is  affected  in  order  to  establish  the  causal  basis  for  the 
cancer  inhibitory  activity  of  CLA. 
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BODY  OF  PROGRESS  REPORT 

The  effort  during  the  second  year  of  funding  was  directed  to  continuing  work  on 
Technical  Objective  1,  and  on  work  requisite  to  evaluation  of  the  effects  of  CLA  on  clonal 
selection  and  clonal  expansion  (technical  objectives  2  and  3.  The  following  sections  detail 
the  methods  that  were  developed  to  meet  the  goals  stated  in  these  objectives  and  the  results 
obtained. 

Materials  and  Methods 

Source  and  composition  of  CLA  and  other  dietary  fats.  The  method  of  CLA  synthesis  from 
99+%  pure  linoleic  acid  is  detailed  in  reference  (6,  listed  above).  CLA  was  custom  ordered 
from  Nu-Chek,  Inc.  (Elysian,  MN).  Gas  chromatographic  analysis  showed  that  three  particular 
isomers,  c9,H  1-,f9,c1 1-  and  f10,c12-CLA,  constituted  about  90%  of  the  total.  There  were 
minimal  variations  in  isomer  distribution  from  batch  to  batch.  Other  fats  used  included:  Mazola 
brand  corn  oil  was  obtained  from  Best  Foods,  Somerset,  NJ,  lard  was  purchased  from  Harlan 
Teklad,  Madison,  Wl,  menhaden  oil  was  obtained  from  Marine  Oil  Test  Program,  U.S. 
Department  of  Interior,  and  palm  oil  was  obtained  from  the  Edible  Oils  Institute. 

Animals  and  Diets 

Animals.  Female  Sprague  Dawley  rats  were  used  in  the  work  reported.  They  were  obtained 
from  either  Taconic  Farms  (Germantown,  NY)  or  Charles  River,  Wilmington,  Delaware.  All  rats 
were  certified  pathogen  free. 

Diet  Formulations.  A  variety  of  diet  formulations  were  used  depending  on  the  research 
question  being  addressed.  All  diets  were  modifications  of  the  AIN-76A  formulation  and  were 
designed  to  meet  or  exceed  the  known  nutrient  requirements  of  the  rat  unless  otherwise 
specified. 

Analytical  Methods. 

Analysis  of  urinary  malondialdehyde  (MDA). Following  acid  hydrolysis  to  release  the  bound 
form,  MDA  was  derivatized  with  thiobarbituric  acid  (TBA)  and  the  MDA-TBA  adduct  quantified 
by  reverse  phase  HPLC  with  visible  absorbance  detection  at  535nm.  MDA  content  is 
expressed  as  nmol/mg  creatinine. 

In  detail,  0.5  ml  urine  was  combined  with  5ul  of  an  antioxidant  solution  containing  0.3M 
2dp  and  2%  BHA  in  ethanol,  and  40  ul  concentrated  HCL.  The  mixture  was  heated  in  a  dry 
block  at  96-99°  for  4  and  3/4  hours.  After  samples  had  cooled  slightly,  2  ml  of  TBA  solution 
(1.11  %  TBA  in  74mM  KOH)  was  added  and  the  samples  were  heated  at  96-99°  for  another  45 
minutes.  After  cooling  and  immediately  before  HPLC  analysis,  samples  were  adjusted  to  a  pH 
of  1.8  -  4.0  with  12N  KOH.  Previous  method  validation  has  confirmed  that  the  presence  of  2dp 
and  BHA  in  urine  samples  during  acid  hydrolysis  and  TBA  derivitzation  prevents  artifactual 
MDA  contribution  from  food  contamination  in  the  urine,  even  with  extreme  contamination  by 
menhaden  oil  containing  diet.  Creatinine  was  measured  spectrophotometrically  (Procedure 
555,  Sigma  Diagnostics,  St.  Louis,  MO  63178). 

Determination  of  8-OHdG  and  malondialdehyde  in  mammary  tissue. 

8-OHdG.  For  the  assay  of  8-OHdG,  the  various  procedures  of  DNA  purification  from  the 
mammary  gland,  the  enzymatic  digestion  of  DNA  to  deoxynucleosides,  the  isocratic  separation 
of  8-OHdG  and  dG  by  HPLC,  and  the  quantitation  of  8-OHdG  with  an  electrochemical  detector 
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were  described  in  detail  in  a  recent  publication  from  our  laboratory  (11).  Detector  response  was 
linear  from  10  to  >800  pg  per  injection  for  8-OHdG  and  from  <500  to  6000  ng  for  dG.  Results 
are  reported  as  residues  of  8-OHdG  per  106  residues  of  dG.  The  simultaneous  analysis  of  both 
deoxynucleosides  on  a  single  HPLC  injection  abrogated  the  need  for  a  recovery  standard. 

Malondialdehyde  (MDA).  Tissue  malondialdehyde  was  quantified  as  its  thiobarbituric  acid 
derivative  with  reverse  phase  HPLC  and  photometric  absorbance  detection  at  535nm.  In  detail, 
mammary  gland  was  homogenized  with  a  Polytron  in  water  containing  1%  antioxidant  solution 
(AOS:  0.3M  dipyridyl  and  2%  BHA,  in  ethanol),  1  part  mammary  gland  to  9  parts  water  (wt/vol). 
Homogenized  samples  were  centrifuged  at  6500  x  g  and  fat  plugs  were  removed,  followed  by 
further  homogenization  to  re-suspend  the  pellet.  As  optimum  reaction  conditions  were  found  to 
vary  with  protein  concentration,  an  amount  of  homogenate  containing  approximately  1 .25  mg 
protein  was  prepared  for  hydrolysis.  The  homogenate  was  combined,  in  glass  tubes,  with  7.5  ul 
AOS  and  enough  water  to  bring  the  volume  to  1.47  ml.  7.5  ul  5N  HCI  was  added,  and  covered 
tubes  were  heated  to  96°  C  for  3  hours.  Tubes  were  cooled  quickly  in  tap  water,  and  30  ul 
sodium  tungstate  (Na2W04)  per  tube  was  added  to  facilitate  precipitation  of  protein.  Tubes 
were  centrifuged  at  6500  x  g  for  10  min,  and  1  ml  of  supernatant  was  then  transferred  from 
each  to  clean  glass  tubes.  (The  remaining  supernatant  and  pellet  were  discarded.)  0.75  ml 
thiobarbituric  acid  (TBA)  solution  (1.11%  TBA  in  74  mM  KOH)  was  added  to  each  tube,  and 
tubes  were  heated  for  90  min  for  derivatization  (to  form  TBA-MDA  adduct).  Samples  were 
quickly  cooled  and  the  pH  adjusted,  if  necessary,  to  between  2.5  and  4.0.  The  MDA-TBA 
adduct  was  separated  using  a  4.6  x  150  mm  Cl 8  column  (Beckman  Ultrasphere  ODS)  and  a 
mobile  phase  consisting  of  32.5%  methanol  in  50mM  potassium  phosphate  buffer,  pH  6.0 
delivered  at  1.5  ml/min.  Photometric  absorbance  detection  was  at  535nm.  MDA  was 
quantified  by  comparison  of  sample  peak  heights  to  those  of  standards,  prepared  from  1, 1,3,3- 
tetramethoxypropane  (TMP).  To  aliquots  of  stock  standard  were  added  water  to  1.5  ml,  5  ul 
AOS,  1  ml  TBA  solution  and  40  ul  concentrated  HCI.  Standards  were  heated  at  96°  C  for  14 
min,  cooled,  and  their  pH  adjusted  to  between  2.5  and  4.0  with  12N  KOH.  Final  results  were 
expressed  as  nmol  MDA/mg  protein.  Protein  in  tissue  homogenates  was  quantified  by  the 
Bradford  method  using  a  commercial  dye  reagent  (Bio-Rad  Protein  Assay,  Bio-Rad 
Laboratories,  Richmond,  CA). 

Determination  of  8-OHdG  concentration  in  liver  DNA  .  The  procedures  described 
exhaustively  herein  contain  significant  changes  from  those  previously  described  by  us.  The 
changes,  such  as  eliminating  phenol  from  the  DNA  isolation  and  adding  BHT  and  2-dp  to 
buffers  have  been  instrumental  in  reducing  the  contribution  of  artifacts  to  measured  8-OHdG. 
The  importance  of  guarding  against  artifacts  and  their  mistaken  interpretation  can  not  be  over 
stated. 

Isolation  and  enzymatic  digestion  of  DNA  from  rat  liver.  DNA  was  isolated  from  liver  with  a 
phenol  free  process  and  was  subsequently  digested  enzymatically  to  nucleosides  for 
chromatographic  analysis.  In  detail,  1 0ul  of  26.4  mg/ml  BHT  was  added  to  a  13  ml 
polypropylene  screw  cap  tube,  followed  by  3  ml  digestion  buffer  (lOOmM  NaCI;  10mM  Tris, 
pH8.0;  0.5%  sodium  dodecyl  sulphate,  pH  8.0,  400  ug/ml  proteinase  K  (30  mAnson  units/mg, 
cat  #  24568,  EC  3.4.21.14,  from  EM  Science))  and  approximately  75  mg  frozen  pulverized  liver. 
The  tube  was  inverted  repeatedly  to  mix  and  incubated  in  a  50°  water  bath  fori  6-20  hrs,  after 
which  it  was  removed  from  the  bath  and  allowed  to  cool  briefly  before  adding  1  ml  7.5M 
ammonium  acetate  and  mixing  thoroughly.  The  resulting  precipitate  was  removed  from 
suspension  by  centrifugation  at  19000g  for  ten  minutes  at  4°,  and  the  supernatant  decanted 
and  extracted  twice  with  24:1  chlroform/isoamyl  alchohol.  Nucleic  acids  were  precipitated  by 
the  addition  of  3  ml  isopropanol,  transferred  to  1  ml  silanized  glass  vials  (Type  I,  Class  A 
borosilicate  glass,  Waters  Associates,  Milford,  MA)  and  the  precipitate  was  washed  with  70% 
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EtOH  before  dissolution  in  340  ulTE  buffer  (10mM  Tris;  ImM  EDTA;  pH  8.0)  containing  5mM 
dp.  RNA  contamination  was  reduced  by  treating  samples  with  RNase  (55  ug  in  H20)  for  1  hour 
at  room  temperature  in  the  dark.  After  addition  of  10  ul  of  5M  NaCI,  DNA  was  precipitated  by 
the  addition  of  350  ul  isopropanol.  While  the  presence  of  ribonucleosides  does  not  interfere 
with  the  assay  per  se,  removal  of  most  of  the  RNA  by  treatment  with  RNase  results  in  samples 
which  are  more  readily  digested  to  nucleosides  and  chromatographed.  The  DNA  pellet  was 
washed  with  70%  EtOH,  dried  briefly  under  reduced  pressure  without  heat,  and  dissolved 
inlOOul  of  20mM  sodium  acetate,  pH  4.8,  containing  5mM  DP.  Dissolution  was  allowed  to 
proceed  overnight  at  room  temperature  in  the  dark  prior  to  enzymatic  digestion  to  nucleosides. 

Chromatography  of  liver  hydrolysate.  8-OHdG  and  dG  were  separated  isocratically  on  a  4.6 
X  250  mm  Rainin  Microsorb  Cl  8  column  (5um,  100A)  with  a  mobile  phase  of  8.2%  methanol  in 
50  mM  potassium  phosphate  buffer,  pH  5.5,  delivered  at  1  ml/min.  Detection  of  8-OHdG  was 
achieved  on  an  ESA  Coulochem  Model  5100  A  electrochemical  detector  equipped  with  a  model 
5011  analytical  cell  and  a  model  5020  guard  cell.  Detector  potentials  were  set  as  follows:  guard 
cell  +0.43  V,  detector  one  +0.12  V,  detector  two  +0.38  V.  8-OHdG  was  measured  as  current  at 
detector  two.  dG  was  monitored  by  absorbance  at  290  nm  with  a  Shimadzu  SPD-10AV 
spectrophotometric  detector  installed  downstream  from  the  electrochemical  detector.  Results 
were  reported  a  residues  8-OHdG  per  million  residues  dG.  The  simultaneous  analysis  of  both 
analytes  from  a  single  HPLC  injection  provided  excellent  precision  without  rigorously 
quantitative  sample  handling, 

RNA  isolation  Total  RNA  was  extracted  from  carcinomas  and  tissues  by  acidic  phenol 
extraction  using  a  commercial  kit  from  BIOTECX  Laboraotries,  Inc.  (  Houston,  TX).  For 
differential  display  of  mRNA,  the  total  RNA  preparations  were  digested  with  RNase-free  DNase 
(GenHunter  Corporation,  Nashville,  TN)  in  order  to  remove  contaminating  genomic  DNA.  For 
cDNA  library  construction,  poly  A(+)  mRNA  was  enriched  by  oligo  (dT)-cellulose  column. 

Differential  display  Differential  display  of  mRNA  was  carried  out  with  the  RNAimage™  kit 
(GenHunter  Corporation,  Nashville  TN)  according  to  manufacturer’s  instructions  with  two  minor 
modifications:  1)  One  tenth  of  the  recommended  amount  of  total  RNA  was  used  for  the  reverse 
transcription  step  in  order  to  minimize  an  inhibitory  activity(s)  present  in  the  mammary  tissue 
RNA  preparation;  2)  It  was  found  that  an  annealing  temperature  of  42  °C  for  PCR  was  optimal 
in  Denver,  CO  to  yield  reproducible  display  patterns.  Duplicate  reactions  were  run  for  each 
primer  combination.  The  PCR  products  (labeled  by  alpha-32P-dATP)  from  the  3  mammary 
carcinomas  (T,,  T2  and  T3),  the  uninvolved  mammary  tissue  and  kidney  were  contrasted  side- 
by-side  on  sequencing  gels.  Only  those  bands  that  were  present  in  carcinoma  lanes,  but 
absent  in  mammary  gland  and  kidney  lanes  were  cut  and  re-amplified  by  PCR.  The  PCR 
products  were  size  separated  on  low  melting  point  agarose  gel  and  band(s)  of  the  expected 
size  was  eluted.  The  gel-purified  PCR  bands  were  used  as  templates  to  generate  32P-labeled 
probes  for  Northern  blot  detection  of  gene  expression  on  a  screening  panel  of  RNA 
preparations  comprised  of  two  kidney  samples,  two  liver  samples,  the  3  mammary  tumors  that 
were  used  for  the  original  differentia!  display.  In  addition,  the  uninvolved  mammary  gland  tissue 
and  mammary  gland  tissue  excised  from  a  day-1  post-partum  female  rat  were  included  in  the 
screening  panel.  The  RNA  samples  were  size-separated  by  electrophoresis  and  transferred 
onto  Nylon  membrane  for  Northern  blot  detection  of  gene  expression.  GAPDH  or  cyclophylin 
gene  was  probed  as  an  internal  control  for  loading  correction. 

Cloning  and  Sequencing  Those  PCR  bands  that  detected  carcinoma-specific  gene 
expression  were  cloned  into  pGEM-T  vector  (Promega,  Madison,  Wl).  For  each  band,  four 
clones  were  inoculated  and  the  plasmid  DNA  was  isolated  by  an  alkaline  mini-prep  procedure 
and  at  least  two  clones  are  sequenced  on  both  strands  by  the  dideoxy  chain  termination 
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method  of  Sanger  (7)  using  a  kit  from  US  Biochemicals  (St  Louis,  MO).  A  commercial  service 
utilizing  thermal  cycle  sequencing  (Cornell  DNA  Service,  Ithaca,  NY)  was  also  used  to  confirm 
the  sequence  of  a  few  of  the  clones.  The  cloned  gene  fragments  were  used  as  templates  to 
generate  randomly  labeled  probes  for  Northern  detection  again  to  confirm  that  the  cloned 
sequences  corresponded  to  the  genes  originally  detected  by  the  PCR  products  from  differential 
display  gels.  Sequence  search  was  done  using  the  BLASTN  algorithm  (8)  with  GenBank  nr 
databases  and  expressed  sequence  databases  dbEST. 

Cloning  full  length  cDNA  A  cDNA  library  was  constructed  with  pooled  poly(A)+  mRNA 
isolated  from  mammary  carcinomas  using  the  Marathon  cDNA  construction  kit  (Clontech,  Inc, 
Palo  Alto,  CA).  The  average  length  of  the  library  was  1.5  kb.  Based  on  the  sequence 
information  obtained  for  each  gene  fragment,  a  gene-specific  primer  was  synthesized 
(Integrated  DNA  Technology,  Inc,  Coralville,  IA)  as  the  down  stream  primer.  A  universal 
upstream  primer  that  annealed  to  the  adapter  which  had  been  ligated  into  the  cDNA  library  and 
the  gene-specific  primer  were  used  for  long  distance  PCR  using  KlenTaq  (a  combination  of  Taq 
and  Vent  polymerases)  to  increase  fidelity  of  cloning  (ClonTech,  Palo  Alto,  CA).  The  PCR 
fragments  were  cloned  into  the  pGEM-T  vector  and  sequenced  as  described  above. 

Ha-ras  codon  12  mutation  detection  in  mammary  carcinomas  The  paraffin-embedded 
tumor  blocks  were  cut  into  5-um  sections.  These  sections  were  mounted  on  plastic  slides 
coated  with  polylysine  and  stained  with  hematoxylin  and  eosin  (H&E).  Each  section  was 
viewed  without  a  cover  slip  under  light  microscopy  and  marked  for  tissue  retrieval.  Pieces  of  a 
section  (approximately  2x2  mm)  were  carefully  cut  with  scissors  from  the  marked  area.  The 
scissors  were  soaked  in  10%  Chlorox  bleach  and  heat  sterilized  between  samples  to  prevent 
carry-over.  Each  piece  was  incubated  with  proteinase  K  (400  :g/ml  in  100  mM  Tris-HCI,  2  mM 
EDTA)  at  50°C  for  3  h.  After  the  proteinase  K  was  inactivated  by  heating  at  95°C  for  8  min,  5%- 
10%  of  the  extract  was  used  as  the  source  of  DNA  for  PCR  amplification.  This  tissue  collection 
procedure  permits  sampling  of  different  regions  of  a  carcinoma  for  PCR  analyses.  It  is 
important  to  note  that  when  this  tissue  sampling  procedure  was  tested  in  independent 
experiments  more  than  one  hundred  samples  have  been  repeated  at  different  times  to  check 
the  reproducibility  of  the  assay  and  to  ensure  the  absence  of  carry-over  and  all  of  the  repeated 
measures  showed  reproducible  results. 

The  mutational  status  of  Ha-ras  codon  12  was  determined  by  a  modified  polymerase  chain 
reaction-generated  restriction  fragment  length  polymorphism  (PCR-RFLP)  method  (16,17).  The 
upstream  primer  (5AGTGTGATTCTCATTGGCAG-3')  was  placed  in  intron-1  to  avoid 
amplifying  the  Ha-ras  pseudogene.  The  G  ->  A  mutation  along  with  two  mismatches  in  the 
downstream  primer  (5'-AGGGCACTCTTTCgaACGCC-3')  introduces  a  Xmnl  restriction  site  into 
the  PCR  product  (116  bp),  which,  upon  digestion  with  the  Xmnl  endonuclease  of  the  PCR 
products,  generates  a  fragment  of  98  bp  that  is  diagnostic  for  the  mutation.  A  tracer  amount  of 
alpha-32P-dCTP  was  used  to  label  the  PCR  products.  The  digested  products  were  separated  by 
electrophoresis  on  a  6%  polyacrylamide  gel  and  detected  by  autoradiography  using  Kodak  X- 
ray  films. 

Results  and  Discussion 

Appendix  1  contains  four  manuscripts,  two  have  been  submitted  to  Cancer  Research,  one  to 
Free  Radicals  in  Biology  in  Medicine  and  one  to  the  journal  Carcinogenesis.  A  reprint  of  one 
paper  published  in  1996  is  also  included.  What  follows  are  relevant  excerpts  from  those 
manuscripts,  and  data  that  is  currently  being  prepared  for  publication. 

Evaluation  of  the  Antioxidant  Properties  of  Conjugated  Linoleic  Acid  in  the  Rat.  In  order 
to  further  examine  CLA’s  putative  role  as  an  in  vivo  antioxidant,  we  employed  a  model  in  which 
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rats  were  fed  one  of  four  experimental  diets  with  either  menhaden  oil  or  palm  oil  as  the 
predominant  lipid  and  each  formulated  with  or  without  CLA  (1%  w/w).  The  carcinogenic 
peroxisome  proliferator  clofibrate  was  added  to  all  diets  after  initial  24  hour  urine  collections  to 
provide  an  environment  of  high  oxidative  stress  in  which  the  sensitivity  to  detect  antioxidant 
activity  of  CI_A  may  be  increased.  Liver  and  mammary  gland  DNA  were  analyzed  for  8- 
hydroxy-2'-deoxyguanosine  content  as  an  index  of  oxidative  DNA  damage.  Malondialdehyde 
levels  in  urine,  liver,  and  mammary  gland  were  determined  as  indices  of  lipid  peroxidation.  In 
both  the  palm  oil  and  menhaden  oil  diet  groups  mammary  gland  malondialdehyde  content  was 
lower  in  rats  fed  CLA  than  in  rats  fed  the  respective  CLA-free  diets.  The  difference  was  most 
striking  in  rats  fed  the  highly  peroxidizable  menhaden  oil  diets  (p<  .001).  However,  the  other 
indices  measured  failed  to  demonstrate  antioxidant  activity  of  CLA.  The  paucity  of  effect  by 
dietary  CLA  on  8-OHdG  levels  in  DNA  from  mammary  gland  and  liver  indicates  that  CLA  does 
not  modulate  oxidative  DNA  damage.  Liver  and  mammary  gland  MDA  data  indicate  a  tissue 
specific  antioxidant  function  for  CLA,  possibly  limited  to  neutral  lipid  stores.  (Manuscript  1, 
Appendix ) 

Carcinoma  clonality,  multiplicity  and  anatomical  regional  differences  of  pathogenetic 
traits  in  1 -methyl-1 -nitrosourea-induced  rat  mammary  carcinogenesis.  The  induction  of 
mammary  carcinogenesis  in  the  rat  by  1 -methyl-1 -nitrosourea  (MNU)  is  a  widely  used 
experimental  model  for  breast  cancer.  In  the  experiments  reported,  the  Ha-ras  codon  12 
mutation  (GGA->GAA)  was  used  as  a  molecular  marker  to  address  issues  of  the  clonality  of 
carcinomas  induced,  patho-genetic  independence  among  multiple  carcinomas  within  the  same 
animal  and  distribution  of  this  marker  in  carcinomas  arising  in  different  mammary  gland  chains. 
Carcinogenesis  was  induced  in  50-day  old  female  Sprague-Dawley  rats  by  an  intraperitoneal 
injection  of  MNU  at  a  dose  of  either  25  or  37.5  mg  MNU  per  kg  body  weight.  In  order  to  test  the 
hypothesis  that  cancerous  cells  within  a  carcinoma  share  a  common  origin,  5-um  sections  of 
44  MNU-induced  mammary  carcinomas  were  dissected,  each  resulting  in  2  to  4  sampled  sites 
per  carcinoma  and  the  Ha-ras  codon  12  status  in  each  site  was  analyzed  by  PCR-RFLP.  Forty 
three  carcinomas  out  of  44  (i.e.,  97.7%)  bore  concordant  Ha-ras  genotypes  among  the  multiple 
sites  within  each  section,  consistent  with  the  monoclonal  origin  hypothesis.  Upon  histological 
analysis,  the  one  carcinoma  that  showed  discordant  Ha-ras  genotypes  appeared  to  be 
composed  of  two  separate  carcinomas  that  had  grown  together.  The  relationship  among 
multiple  carcinomas  within  the  same  animal  with  respect  to  the  occurrence  of  the  Ha-ras 
mutation  was  examined.  As  carcinoma  multiplicity  per  animal  increased  the  observed 
discordance  rate  of  Ha-ras  genotypes  increased  in  a  manner  that  was  consistent  with  the 
expected  discordance  rate  based  on  assumption  of  no-association  among  carcinomas, 
indicative  of  independent  initiation  among  multiple  carcinomas  within  the  same  animal.  Taken 
together,  these  data  indicate  that  MNU-induced  mammary  carcinogenesis  follows  a 
monoclonal  evolution  of  multiple,  independently-initiated  cells  that  emerge  as  distinct  mammary 
carcinomas  in  the  same  animal.  This  information  has  two  practical  implications:  1) 
Representative  sampling  for  genotying  the  Ha-ras  marker  can  be  achieved  with  high  accuracy 
(~98%)  with  a  single  sample  from  a  carcinoma  section  because  of  the  monoclonal  nature  of 
carcinoma  origin;  and  2)  the  question  of  prevention  or  promotion  of  subpopulations  of  initiated 
cells  can  be  studied  because  of  the  independent  origin  of  multiple  carcinomas  within  the  same 
animal.  Furthermore,  a  significant  difference  was  observed  in  the  occurrence  of  Ha-ras  mutant 
carcinomas  between  the  cervical-thoracic  and  the  abdominal-inguinal  mammary  glands  in  that 
three  times  as  many  carcinomas  were  Ha-ras  mutant  in  the  former  as  in  the  latter  glands, 
whereas  the  Ha-ras  wild  type  carcinoma  occurrence  was  approximately  the  same  in  both 
regions.  This  observation  makes  it  imperative  that  all  identifiable  carcinomas  be  genotyped 
when  hypotheses  concerning  effects  of  agents  on  pathogenetically  distinct  subpopulations  of 
carcinomas  are  tested  in  this  model.  (Manuscript  2,  Appendix). 
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Retention  of  Conjugated  Linoleic  Acid  in  the  Mammary  Gland  is  Associated  With  Tumor 
Inhibition  During  the  Post-Initiation  Phase  of  Carcinogenesis.  CLA  has  been  reported  to 
have  significant  activity  in  inhibiting  mammary  carcinogenesis.  A  major  objective  of  this  study 
was  to  evaluate  how  the  kinetics  of  CLA  retention  in  mammary  tissue  as  a  function  of  CLA 
exposure/withdrawal  was  correlated  with  cancer  prevention  in  this  target  organ.  Rats  treated 
with  a  single  dose  of  DMBA  at  50  days  of  age  were  given  !%  CLA  in  the  diet  for  either  4  weeks, 
8  weeks  or  continuously  following  carcinogen  administration.  No  cancer  protection  was  evident 
in  the  4  or  8  week-CLA  treatment  groups.  Significant  tumor  inhibition  was  observed  only  in  rats 
that  were  given  CLA  for  the  entire  duration  of  the  experiment.  Analysis  of  CLA  in  the  mammary 
gland  showed  that  the  incorporation  of  CLA  was  much  higher  in  neutral  lipids  than  in 
phospholipids.  When  CLA  was  removed  from  the  diet,  neutral  lipid-  and  phospholipid-CLA 
returned  to  basal  values  in  about  4  and  8  weeks,  respectively.  The  rate  of  decay  of  neutral 
lipid-CLA  (rather  than  phospholipid-CLA)  subsequent  to  CLA  withdrawal  paralleled  more  closely 
the  rate  of  emergence  of  new  tumors  in  the  target  tissue.  It  appears  that  neutral  lipid-CLA  may 
be  a  more  sensitive  marker  of  tumor  protection  than  phospholipid-CLA.  However,  the 
physiological  relevance  of  CLA  accumulation  in  mammary  lipids  is  unclear  and  remains  to  be 
determined.  An  additional  goal  of  this  study  was  to  investigate  whether  CLA  might  selectively 
inhibit  clonal  expansion  of  DMBA-initiated  mammary  epithelial  cells  with  wild  type  versus  codon 
61  mutated  Ha-ras  genes.  Approximately  16%  of  carcinomas  in  the  control  group  (no  CLA  ) 
were  found  to  express  the  codon  61  ras  mutation.  Although  continuous  treatment  with  CLA 
reduced  the  total  number  of  carcinomas  by  70%,  it  did  not  alter  the  proportion  of  ras  mutant 
versus  wild  type  carcinomas.  Thus,  based  on  analysis  of  the  ras  genotype  marker,  the  data 
indicate  the  clonal  selection  process  identified  by  this  marker  is  not  affected  by  CLA. 
(Manuscript  3,  Appendix). 

Gene  expression  changes  associated  with  chemically-induced  mammary 
carcinogenesis.  Chemically-induced  models  of  mammary  carcinogenesis  in  the  rat  are  widely 
used  to  study  the  biology  of  breast  cancer  development  and  to  examine  potential  approaches 
for  the  prevention  of  this  human  disease.  Whereas  both  genetic  mutations  and  alterations  in 
gene  expression  are  being  elucidated  in  the  human  disease,  very  little  is  known  about  gene 
expression  changes  that  are  associated  with  chemically-induced  carcinogenesis  in  animal 
models.  This  paper  reports  the  identification  of  over-expressed  genes  associated  with 
mammary  carcinogenesis  induced  by  1 -methyl-1 -nitrosourea  using  differential  display  of  mRNA 
and  molecular  cloning.  Nine  over-expressed  gene  fragments  were  identified  in  mammary 
carcinomas  in  comparison  with  the  uninvolved  mammary  gland,  liver  and  kidney.  Clone  3 
represented  the  rat  homologue  of  human  galectin-7.  Clone  4  was  the  homologue  of  the  gene 
coding  for  the  human  melanoma  inhibitory  activity  protein/bovine  chondrocyte-derived  retinoic 
acid  sensitive  protein  (MIA/CD-RAP).  Clone  16  and  18  were  the  homologues  of  the 
mouse/human  DNA  primase  small  unit  and  mouse  stearyl-CoA  desaturase-2  gene, 
respectively.  Clones  10  and  14  were  the  homologue  of  mouse  endo  B  cytokeratin/human 
cytokeratin-18  gene.  Although  these  known  genes  have  each  been  implicated  in  some  aspect 
of  carcinogenesis,  their  identification  in  this  study  is  the  first  time  that  they  have  been 
associated  with  chemically  induced  mammary  carcinogenesis.  Clone  15  did  not  match  any 
gene  or  expressed  sequence  tag  (EST)  whereas  clones  1  and  9  showed  significant  homology 
to  several  ESTs.  The  expression  patterns  of  clones  3,  4,10/14  and  18  were  highly  mammary 
carcinoma-specific  when  compared  to  12  other  normal  tissues  such  as  either  virgin  or  lactating 
mammary  gland,  liver,  heart  and  lung.  The  tumor-specific  expression  of  these  genes  was  also 
observed  in  rat  mammary  carcinomas  induced  by  7,12-dimethylbenz(alpha)anthracene 
(DMBA),  indicating  the  generality  of  the  role  of  the  identified  genes  in  rat  mammary 
carcinogenesis.  Full  length  cDNA  has  been  cloned  and  sequenced  for  clone  3  and  clone  4. 
Sequence  comparison  between  cDNA  obtained  from  rat  fetal  tissue  RNA  and  that  from 
mammary  carcinoma  RNA  revealed  no  mutation  in  the  MIA/CD-RAP  coding  region  in  the  MNU- 
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induced  mammary  carcinomas.  The  gene  expression  changes  identified  in  this  study  may 
represent  useful  molecular  markers  to  understand  mammary  carcinogenesis  in  these  model 
systems  as  well  as  in  the  human  disease.  (Manuscript  4,  Appendix) 


CONCLUSIONS 

Conjugated  linoleic  acid  (CLA)  is  a  naturally  occurring  component  of  the  food  supply  that  has 
been  shown  to  inhibit  the  development  of  experimentally-induced  breast  cancer.  Data  obtained 
on  this  project  to  date  indicate:  1)  that  the  anticancer  activity  of  CLA  is  unlikely  to  explained 
based  solely  on  its  antioxidant  activity  in  vivo,  2)  that  CLA  is  unlikely  to  inhibit  mammary 
carcinogenesis  by  directly  antagonizing  linoleic  acid  metabolism,  and  3)  that  CLA  inhibits 
mammary  carcinogenesis  irrespective  of  the  presence  or  absence  of  the  codon  61  mutation  in 
the  Ha-ras  gene.  During  this  reporting  period  candidate  genes  that  are  over-expressed 
specifically  in  mammary  carcinomas  were  identified,  and  provide  the  basis  for  the  further 
investigation  of  CLA’s  effects  on  genes  that  may  be  causally  related  to  the  development  of 
mammary  carcinomas. 
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‘  EVALUATION  OF  THE  ANTIOXIDANT  PROPERTIES  OF  CONJUGATED  LINOLEIC 
ACID  IN  THE  RAT 

Abstract 

Conjugated  linoleic  acid  (CLA)  has  been  reported  to  inhibit  tumorigenesis  in  a  number  of 
animal  models  and  to  also  inhibit  lipid  peroxidation.  We  examined  CLA’s  antioxidant  properties 
in  rats  fed  one  of  two  basal  diets  containing  either  menhaden  oil  or  palm  oil  as  the  predominant 
lipid.  Each  was  prepared  both  with  and  without  CLA  (1%  w/w).  The  carcinogenic  peroxisome 
proliferator,  clofibrate,  was  added  to  all  diets  in  order  to  provide  an  environment  of  high  oxidative 
stress  in  which  the  antioxidant  activity  of  CLA  might  be  more  readily  observed.  In  both  the  palm 
oil  and  menhaden  oil  groups,  mammary  gland  malondialdehyde  (MDA)  measurements  were 
lower  in  rats  fed  CLA  than  in  rats  fed  the  respective  CLA-free  diets.  The  difference  was  striking 
in  the  menhaden  oil  diet  groups  (p<  .001)  and  approached  statistical  significance  in  the  palm  oil 
diet  groups  (p  =  .063).  However,  8-hydroxy-2'-deoxyguanosine  (8-OHdG)  levels  in  DNA  from 
both  liver  and  mammary  gland,  as  well  as  urinary  and  liver  MDA,  were  unaffected  by  dietary  CLA 
supplementation.  MDA  and  8-OHdG  content  in  liver  were  weakly  but  significantly  correlated 
(p=0.042).  CLA  does  not  appear  to  inhibit  carcinogenesis  by  protecting  DNA  from  oxidative 
damage. 

Key  words  -  conjugated  linoleic  acid,  oxidative  DNA  damage,  lipid  peroxidation,  8-hydroxy-2'- 
deoxyguanosine,  malondialdehyde,  peroxisome  proliferator. 
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INTRODUCTION 

Animal  models  in  which  conjugated  linoleic  acid  (CLA)  has  been  shown  to  inhibit 
carcinogenesis  include  methylnitrosourea  (MNU)-  and  7,12-dimethylbenz[a]anthracene  (DMBA) 
-induced  mammary  cancer  in  the  rat M,  benzo(a)pyrene  (BP)  -induced  forestomach  cancer  in  the 
mouse5,  and  DMBA-induced,  1 2-0-tetradecanoylphorbol- 1 3-acetate  (TP A)  -promoted  skin 
cancer  in  the  mouse6.  The  mechanism  of  inhibition  is  not  known  but  there  is  some  evidence  that 
CLA  possesses  both  in  vivo  and  in  vitro  antioxidant  activity  M’5.  The  role  of  oxidative  stress  in 
tumor  development  in  the  models  mentioned  above  is  unclear,  making  it  difficult  to  delineate  the 
relationship  between  the  purported  antioxidant  property  of  CLA  and  cancer  protection.  In  the 
study  reported  here,  we  sought  to  investigate  both  systemic  and  tissue  specific  antioxidant  effects 
of  CLA  in  rats  that  were  exposed  to  different  degrees  of  oxidative  insult. 

The  oxidative  status  of  the  animals  was  modified  by  a  combined  dietary  and 
pharmacologic  approach.  One  of  two  basal  diets  was  fed:  a  low  peroxidation  potential  diet 
(LPX)  containing  predominantly  palm  oil  and  supplemented  with  adequate  vitamin  E,  or  a  high 
peroxidation  potential  diet  (HPX)  containing  predominantly  menhaden  oil  and  deficient  in  vitamin 
E.  The  LPX  and  HPX  diets  were  formulated  with  and  without  CLA.  The  animals  were  also 
treated  with  clofibrate.  Carcinogenic  peroxisome  proliferators  such  as  clofibrate  [2-  (p- 
chlorophenoxy)  -2-methylpropionic  acid  ethyl  ester]  are  a  novel  class  of  hepatocarcinogens  which 
do  not  react  with  DNA  and  exhibit  no  direct  genotoxicity,  either  by  the  parent  compound  or  a 
metabolically  activated  species 7,s.  A  considerable  body  of  evidence  suggests  that  peroxisome 
proliferators  induce  carcinogenesis  in  rat  liver  via  oxidative  stress 7'10.  Thus,  the  addition  of 
clofibrate  to  all  diets  in  the  present  study  was  designed  to  intensify  the  oxidative  climate  in  the 
liver,  where  oxidative  damage  is  thought  to  be  linked  to  carcinogenesis. 
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’  Urinary  malondialdehyde  (MDA)  has  been  used  extensively  as  an  index  of  in  vivo  lipid 
peroxidation 11,12 .  This  marker  was  used  here  to  assess  the  overall  oxidative  status  of  the  animals 
before  and  after  the  administration  of  clofibrate.  Because  urinary  MDA  is  indiscriminate  of  tissue 
origin,  we  also  measured  liver  and  mammary  gland  MDA.  Oxidative  DNA  damage  resulting  in 
mutation  is  thought  to  be  exacerbated  by  lipid  peroxidation !3'15  and  is  a  likely  mechanism  by 
which  oxidative  stress  contributes  to  carcinogenesis I6'20.  Consequently,  a  decrease  in  oxidative 
DNA  damage,  as  measured  by  8-hydroxy-2'-deoxyguanosine  (8-OHdG),  could  serve  as  a  marker 
for  the  cancer  protective  effect  of  CLA.  We  therefore  determined  8-OHdG  in  DNA  extracted 
from  liver,  a  target  organ  for  clofibrate-induced  carcinogenesis,  and  in  DNA  extracted  from 
mammary  gland,  a  tissue  in  which  CLA  has  been  shown  to  have  potent  cancer  preventive  activity 

1-4 

MATERIALS  AND  METHODS 

In  evaluating  the  role  of  CLA  as  an  antioxidant  and  the  possible  relationship  of  its 
antioxidant  activity  to  carcinogenesis,  methodological  considerations  are  of  critical  importance. 
Thus  the  work  presented  in  this  paper  focused  considerable  attention  on  experimental  design  and 
methodology. 

Animals 

Female  Sprague  Dawley  rats  were  obtained  from  Taconic  Farms  (Germantown,  NY)  at  20 
days  of  age.  Rats  were  housed  individually  in  metabolic  cages  in  an  environmentally  controlled 
room  maintained  at  25°  with  50%  relative  humidity  and  a  12  light- 12  dark  cycle.  Distilled  water 
was  provided  ad  libitum. 
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'Diet  composition 

Diet  compositions  are  described  in  Tables  I  and  II.  Menhaden  oil  and  corn  oil  were 
protected  from  oxidation  with  0.02%  tert-butylhydroquinone  (TBHQ).  This  antioxidant  is 
frequently  used  in  dietary  oils ,  but  is  minimally  retained  in  animal  tissues  and  is  thought  to 
possess  little  antioxidant  activity  in  vivo 22,23.  Diets  were  stored  frozen  and  were  provided  fresh 
every  other  day. 

Menhaden  oil  was  obtained  from  the  Fish  Oil  Test  Materials  Program  of  the  National 
Marine  Fisheries  Service.  Corn  oil  containing  no  vitamin  E  was  purchased  from  Eastman  Kodak 
Company,  Rochester,  NY.  Palm  oil  was  obtained  from  Premier  Edible  Oils,  Portland,  OR.  CLA 
was  custom  ordered  from  Nu-Chek,  Elysian,  MN.  Clofibrate  was  purchased  from  Sigma,  St. 
Louis,  MO. 


Experimental  design 

At  20  days  of  age  rats  were  fed  the  LPX  diet  minus  vitamin  E  for  21  days  prior  to  being 
fed  one  of  four  experimental  diets  (HPX  or  LPX,  with  and  without  1%CLA,  n  =  8-9  rats  per 
group).  Rats  were  fed  the  experimental  diets  for  two  weeks  before  urine  collection  began.  MDA 
present  in  diets  presents  a  potentially  confounding  problem,  as  a  significant  amount  of  ingested 
MDA  is  excreted  in  urine  and  is  indistinguishable  from  that  generated  in  vivo.  Previous  work  in 
this  laboratory  (unpublished  data)  and  that  of  others  has  shown  that  rats  consuming  diets 
containing  menhaden  oil  can  excrete  large  amounts  of  dietary  MDA  in  urine,  thereby  allowing 
dietary  MDA  to  masquerade  as  in  vivo  lipid  peroxidation,  if  precautions  are  not  taken 24 .  Thus, 
for  the  night  before  the  start  of  each  urine  collection  and  throughout  the  24-hour  collection 
period,  rats  were  fed  a  “urine  collection  diet”  (5%  palm  oil)  thereby  minimizing  the  contribution 
of  ingested  MDA  to  urinary  MDA  and  equalizing  that  contribution  among  groups.  Urine  was 
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’collected  in  a  24-hour  period  into  vessels  containing  5  mmol  2,2'  -dipyridyl  (DP)  and  0.6  mmol 
butylated  hydroxytoluene  (BHT)  in  10  ul  methanol,  plus  0.5  ml  water.  DP  is  an  iron  stabilizing 
reagent  that  has  been  shown  to  inhibit  free  radical  producing  reactions  initiated  by  both  Fell  and 
Felll 25.  BHT  and  DP  were  added  to  prevent  oxidation  of  spilled  food  in  the  urine  cup  from 
contributing  to  measured  MDA.  After  urine  was  collected  three  times  at  weekly  intervals,  all 
diets  were  modified  to  contain  0. 125%  (w/w)  clofibrate.  Rats  were  fed  the  clofibrate-containing 
diets  for  one  week  before  urine  was  collected  once  weekly  for  three  additional  weeks.  Following 
the  final  urine  collection  animals  were  killed,  and  livers  and  mammary  glands  excised  and  frozen 
promptly  in  liquid  nitrogen. 

Analytical  methods 

Oxidative  damage  indices  are  susceptible  to  artifacts  induced  by  sample  collection, 
preparation,  and  measurement.  These  artifacts  are  notoriously  difficult  to  control  and 
considerable  vigilance  must  be  exercised.  The  methods  employed  herein  are  therefore  described  in 
detail. 


Urinary  MDA  determination 

Following  acid  hydrolysis  to  release  the  bound  forms,  MDA  was  derivatized  with 
thiobarbituric  acid  (TBA)  and  the  MDA-TBA  adduct  quantified  by  reverse  phase  HPLC  with 
spectrophotometric  detection.  Our  method  is  a  modification  of  that  of  Draper  and 
Hadley I2.  In  detail,  0.5  ml  urine  was  combined  with  5  ul  of  an  antioxidant  solution  (AOS) 
containing  0.3M  DP  and  2%  tert-butyl-4-hydroxyanisole  (BHA)  in  ethanol,  and  40  ul 
concentrated  HC1.  The  mixture  was  heated  in  a  dry  block  at  96-99°  for  4  and  3/4  hours.  This 
was  followed  by  the  addition  of  2  ml  of  TBA  solution  (1.11  %  TBA  in  74  mM  KOH)  and  heating 
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at  96-99°  for  another  45  minutes.  The  samples  were  quickly  cooled  by  emersion  in  a  room 
temperature  water  bath,  and  adjusted  to  a  pH  of  2.0  -  4.0  with  12  N  KOH  immediately  before 
HPLC  analysis.  MDA  was  quantified  by  comparison  of  sample  peak  heights  to  a  standard  curve 
prepared  with  1,1,3,3-tetramethoxypropane  (TMP).  TMP  standards  were  simultaneously 
hydrolyzed  to  MDA  and  derivatized  with  TBA  by  treatment  that  differed  from  that  of  urine 
samples.  To  aliquots  of  stock  standard  were  added  water  to  1.5  ml,  5  ul  AOS,  1  ml  TBA 
solution  and  40  ul  concentrated  HC1.  Standards  were  heated  at  96°  C  for  14  min,  cooled,  and 
their  pH  adjusted  to  between  2.0  and  4.0  with  12N  KOH.  The  MDA-TBA  adduct  was  separated 
with  a  4.6  x  150  mm  Beckman  Ultrasphere  ODS  Cl  8  column  and  a  mobile  phase  consisting  of 
32.5%  methanol  in  50  mM  potassium  phosphate  buffer,  pH  6.0,  delivered  at  1.5  ml/min. 
Photometric  absorbance  detection  was  at  535nm.  The  results  are  expressed  as  nmol/mg 
creatinine.  Creatinine  was  measured  spectrophotometrically  with  a  commercial  kit 26 .  Previous 
method  validation  has  confirmed  that  the  presence  of  DP  and  BHA  during  acid  hydrolysis  and 
hydrolysis  and  TBA  derivitization  prevents  the  oxidation  of  lipids  in  food  that  may  contaminate 
urine  samples,  thereby  eliminating  a  source  of  MDA  artifact. 

Tissue  MDA  determination 

Tissue  MDA  was  quantified  as  its  TBA  derivative  with  reverse  phase  HPLC  and 
photometric  absorbance  detection  at  535nm.  Our  procedure  is  based  on  an  extensive 
modification  of  the  methods  described  in  two  publications 12,27.  We  observed  that  measurement  of 
tissue  MDA  was  confounded  by  differences  in  the  protein  contents  of  tissue  extracts  that  were 
hydrolysed  and  subsequently  derivatized  with  TBA.  By  equalizing  the  protein  concentration  of 
the  tissue  extracts  after  homogenization,  a  significant  problem  of  inconsistent  MDA-TBA 
recovery  from  tissue  extracts  was  resolved,  and  a  potential  source  of  error  eliminated.  To  our 
knowledge  this  issue  has  not  previously  been  reported  in  the  assessment  of  tissue  MDA. 
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’  In  detail,  mammary  gland  or  liver  was  homogenized  with  a  Polytron  in  water  containing  1% 

AOS,  1  part  tissue  to  9  parts  water  (w/v).  For  mammary  gland,  homogenized  samples  were 
centrifuged  at  6500  x  g  and  fat  plugs  were  removed  ,  followed  by  further  homogenization  to  re¬ 
suspend  the  pellet.  As  optimum  reaction  conditions  were  found  to  vary  with  protein 
concentration,  an  amount  of  homogenate  containing  approximately  1.2  mg  protein  was  prepared 
for  hydrolysis.  The  homogenate  was  combined  with  7.5  ul  AOS,  7.5  ul  5N  HC1,  and  enough 
water  to  bring  the  volume  to  1.5  ml.  The  covered  tubes  were  heated  to  96°  C  for  3  hours,  cooled 
quickly  in  tap  water,  and  30  ul  sodium  tungstate  (Na2W04)  per  tube  was  added  to  facilitate 
precipitation  of  protein.  After  centrifugation  at  6500  x  g  for  10  min,  1  ml  of  supernatant  was 
transferred  to  a  clean  glass  tube.  An  aliquot  of  0.75  ml  TBA  solution  was  added  to  each  tube 
followed  by  heating  for  90  min  at  96°  to  form  the  MDA-TBA  adduct.  Samples  were  quickly 
cooled  and  the  pH  adjusted,  if  necessary,  to  between  2.5  and  4.0.  Preparation  of  TMP  standards 
and  separation  of  the  MDA-TBA  adduct  by  HPLC  were  the  same  as  described  above.  Results  are 
expressed  as  nmol  MDA/mg  protein.  Protein  in  tissue  homogenates  was  quantified  by  the 
Bradford  method  using  a  commercial  dye  reagent28. 

Determination  of  8-OHdG  concentration  in  isolated  DNA  from  mammary  gland  and  liver 

DNA  was  isolated  from  tissue  with  a  phenol-free  process  and  was  subsequently  digested 
enzymatically  to  nucleosides  for  chromatographic  analysis.  The  conditions  described  minimize  the 
ex  vivo  formation  of  8-OHdG.  Frozen  and  pulverized  tissue  (200  mg  mammary  gland  or  75  mg 
liver)  was  mixed  with  lOul  BHT  (26.4  mg/ml)  and  3  ml  digestion  buffer  (lOOmM  NaCl;  lOmM 
Tris,  pH8.0;  0.5%  sodium  dodecyl  sulphate;  400  ug/ml  proteinase  K)  in  a  polypropylene  screwcap 
tube.  The  tube  was  incubated  in  a  50°  water  bath  for  16-20  hrs,  after  which  it  was  removed  from 
the  bath  and  allowed  to  cool  briefly  before  the  addition  of  1  ml  7.5M  ammonium  acetate  and 
thorough  mixing.  The  resulting  precipitate  was  removed  from  suspension  by  centrifugation  at 
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19,000  g  for  ten  minutes  at  4°,  and  the  supernatant  decanted  and  extracted  twice  with  24: 1 
chloroform/isoamyl  alcohol.  Nucleic  acids  were  precipitated  by  the  addition  of  3  ml  isopropanol, 
and  the  precipitate  was  washed  with  70%  ethanol  before  dissolution  in  340  ul  TE  buffer  (lOmM 
Tris;  ImM  EDTA;  pH  8.0)  containing  5mM  DP.  RNA  contamination  was  reduced  by  treating 
samples  with  RNase  (55  ug  in  H20)  for  1  hour  at  room  temperature  in  the  dark.  After  addition  of 
10  ul  of  5M  NaCl,  DNA  was  precipitated  by  the  addition  of  350  ul  isopropanol.  While  the 
presence  of  ribonucleosides  does  not  interfere  with  the  assay  per  se,  removal  of  most  of  the  RNA 
by  treatment  with  RNase  results  in  samples  which  are  more  readily  digested  to  nucleosides  and 
chromatographed.  The  DNA  pellet  was  washed  with  70%  ethanol,  dried  briefly  under  reduced 
pressure  without  heat,  and  dissolved  in  lOOul  of  20mM  sodium  acetate,  pH  4.8,  containing  5mM 
DP.  Dissolution  was  allowed  to  proceed  overnight  at  room  temperature  in  the  dark  prior  to 
enzymatic  digestion  to  nucleosides,  as  previously  described15.  8-OHdG  and  dG  were  separated 
isocratically  on  a  4.6  X  250  mm  Rainin  Microsorb  C18  column  (5um,  100A)  with  a  mobile  phase 
of  8.2%  methanol  in  50  mM  potassium  phosphate  buffer,  pH  5.5,  delivered  at  1  ml/min. 

Detection  of  8-OHdG  was  achieved  on  an  ESA  Coulochem  Model  5100  A  electrochemical 
detector  equipped  with  a  model  5011  analytical  cell  and  a  model  5020  guard  cell.  Detector 
potentials  were  set  as  follows:  guard  cell  +0.43  V,  detector  one  +0.12  V,  detector  two  +0.38  V. 
8-OHdG  was  measured  as  current  at  detector  two.  dG  was  monitored  by  absorbance  at  290  nm 
with  a  Shimadzu  SPD-10AV  spectrophotometric  detector  installed  downstream  from  the 
electrochemical  detector.  Results  were  reported  as  number  of  8-OHdG  per  million  dG.  The 
simultaneous  analysis  of  both  8-OHdG  and  dG  from  a  single  HPLC  injection  abrogated  the  need 
for  a  recovery  standard  or  rigorously  quantitative  sample  handling.  8-OHdG  was  generously 
provided  by  R.A.  Floyd;  dG  was  purchased  from  Boeringer  Mannheim,  Germany. 


Data  analysis  and  evaluation 
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All  data  were  evaluated  for  distributional  normality  by  probability  plot  analysis  and  were 
determined  to  be  approximately  normally  distributed.  These  data  were  analyzed  by  analysis  of 
variance  and  multivariate  regression  techniques.  Statistical  significance  was  established  bt  the  use 
of  two  tailed  probability  distributions  except  when  correlating  tissue  8-OHdG  and  MOD  A,  where 
one  tailed  tests  were  judged  appropriate.  The  study  design  for  assessing  the  effects  of  CLA  on 
urinary  MDA  involved  repeated  measures  of  MDA  in  the  same  rats;  this  was  accounted  for  in  the 
statistical  analysis  of  the  data.  Data  presented  in  the  figures  are  displayed  with  95%  confidence 
intervals  about  the  means  instead  of  the  more  customary  standard  error  of  the  mean  (SEM).  This 
approach  facilitates  visual  inspection  of  the  statistical  significance  of  differences  among 
treatments,  i.e.  if  the  95%  confidence  intervals  of  any  given  two  groups  overlap,  they  are  not 
statistically  different  at  p  <  0.05  level,  as  evaluated  by  Student’s  two  tailed  t  test29. 


RESULTS  AND  DISCUSSION 

The  results  of  urinary  MDA  measurement,  summarized  in  Fig  1,  indicate  no  antioxidant 
activity  of  CLA.  To  the  contrary,  mean  urinary  MDA  tended  to  be  higher  when  diets  were 
supplemented  with  CLA,  but  the  difference  was  not  statistically  significant  (p  =  0.26).  A  trend 
toward  higher  urinary  MDA  in  HPX  vs  LPX  diet  groups  that  approached  statistical  significance  (p 
=  0.068)  was  also  observed.  The  impact  of  clofibrate  as  an  oxidative  stressor  and  the  utility  of 
urinary  MDA  as  an  oxidative  index  are  evidenced  by  the  striking  difference  in  urinary  MDA  levels 
(p  <  0.001)  observed  before  and  after  clofibrate  treatment.  This  marked  increase  in  urinary  MDA 
occurred  within  one  week  of  adding  clofibrate  to  the  diets  and  continued  during  the  following 
(and  final)  two  weeks  of  the  experiment. 

The  data  in  Fig.  2  show  that  lipid  peroxidation  in  the  mammary  gland,  as  measured  by 
MDA  content,  was  markedly  increased  by  the  HPX  compared  to  the  LPX  diet.  The  presence  of 
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CLA  in  both  diets  reduced  MDA  levels  in  this  tissue,  an  effect  that  was  more  pronounced  with  the 
HPX  (p  <  ,001)  than  the  LPX  (p  =  0.064)  diet.  In  contrast,  the  data  in  Fig.  3  show  that  liver 
MDA  was  not  affected  by  exposure  to  CLA,  even  though  the  HPX  diet  resulted  in  more  MDA 
than  the  LPX  diet  (P<0.001).  The  results  of  8-OHdG  analysis  in  DNA  from  mammary  gland  and 
liver  are  shown  in  Figure  4.  No  statistically  significant  differences  among  groups  were  noted, 
regardless  of  the  type  of  diet  or  the  presence  or  absence  of  CLA.  Regression  analyses  of  tissue  8- 
OHdG  vs  MDA  in  mammary  gland  and  liver  are  shown  in  Figure  5.  A  positive  association 
between  liver  8-OHdG  and  liver  MDA  was  observed  (p  =  0.042).  A  similar  relationship  was  not 
observed  in  mammary  gland. 

The  role  of  oxidants  and  antioxidants  in  the  etiology  and  prevention  of  carcinogenesis 
continues  to  be  a  topic  of  interest  and  controversy.  Part  of  the  controversy  in  this  field  arises 
from  the  technical  difficulty  of  estimating  actual  levels  of  oxidized  macromolecules  without 
artificially  introducing  their  occurrence.  Under  carefully  defined  experimental  conditions  as 
described  above,  we  tested  the  hypothesis  that  CLA  acts  as  an  antioxidant.  First,  we  found  that 
urinary  MDA  was  a  sensitive  marker  for  detecting  the  large  change  in  oxidative  status  known  to 
be  induced  by  feeding  clofibrate,  but  changes  in  this  marker  that  were  attributed  to  feeding  LPX 
versus  HPX  were  small.  This  finding  indicates  that  differences  in  systemic  in  vivo  lipid 
peroxidation,  as  reflected  by  urinary  MDA,  that  can  be  attributed  to  dietary  conditions 
representing  extremes  of  peroxidation  potential  is  limited  when  potential  confounding  factors  are 
controlled.  With  this  in  mind,  we  can  say  that  the  data  reported  provided  no  evidence  that  CLA 
has  an  overall  antioxidant  effect  as  measured  by  urinary  MDA  under  conditions  of  low  or  high 
oxidative  stress.  However,  the  tissue  data  do  show  that  CLA  reduced  MDA  levels  in  the 
mammary  gland,  an  effect  that  was  magnified  in  the  HPX  compared  to  the  LPX  diet.  This 
observation  is  consistent  with  the  reported  distribution  of  CLA  in  neutral  lipid,  the  type  of  lipid 
that  is  predominant  in  the  mammary  gland.  The  lack  of  effect  of  CLA  on  liver  MDA  is  also 
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'consistent  with  the  limited  distribution  of  CLA  reported  to  occur  in  phospholipid,  which  is 
proportionately  much  more  abundant  in  liver  than  mammary  gland.  In  a  recent  paper  investigating 
antioxidant  activity  of  CLA  with  an  in  vitro  system,  the  presence  of  CLA  did  not  protect 
membrane  vesicles  composed  of  l-palmitoyl-2-linoleoyl  phosphatidylcholine  from  oxidative 
modification  under  various  conditions 36.  Antioxidant  activity  for  CLA  with  respect  to  membrane 
phospholipid  is  thus  supported  neither  by  in  vivo  data  nor  that  from  a  model  membrane  system. 
These  data  indicate  that  CLA  has  in  vivo  antioxidant  activity,  but  that  it  is  likely  limited  to  neutral 
lipid.  The  paucity  of  effect  of  CLA  on  8-OHdG  concentration  in  the  mammary  gland,  as  well  as 
the  apparent  lack  of  a  relationship  between  MDA  and  8-OHdG  in  that  tissue,  suggest  that  CLA’s 
anticancer  activity  is  not  due  to  protection  of  DNA  from  oxidative  damage,  despite  the  fact  that 
CLA  appears  to  be  a  potent  inhibitor  of  both  carcinogenesis  and  lipid  peroxidation  in  the 
mammary  gland,  and  a  relationship  between  8-OHdG  and  lipid  peroxidation  has  been  reported  by 
others  and  has  been  inferred  to  have  causal  significance  8’34,35.  The  failure  of  CLA  to  modulate 
liver  MDA  and  8-OHdG  under  conditions  associated  with  the  induction  of  hepatocarcinogenesis 
also  argues  against  the  likelihood  that  CLA’s  antioxidant  activity  accounts  for  its  anticancer 
activity,  especially  since  a  positive  association  between  8-OHdG  and  MDA  in  the  liver  was 
observed  (Figure  5B).  It  is  possible  that  the  antioxidant  activity  exhibited  by  CLA  in  the 
mammary  gland  mediates  cancer  protection  by  epigenetic  mechanisms  that  are  dissociated  from 
the  modulation  of  oxidative  DNA  damage.  Collectively  however,  these  data  do  not  support  the 
hypothesis  that  the  antioxidant  activity  of  CLA  plays  a  prominent  role  in  accounting  for  its 
anticancer  activity. 
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ABBREVIATIONS 

CLA  -  conjugated  linoleic  acid 

MDA  -  malondialdehyde 

8-OHdG  -  8-hydroxy-2'-deoxyguanosine 

LPX  -  low  peroxidation  potential 

HPX  -  high  peroxidation  potential 

DP  -  2,2'-dipyridyl 

BHT  -  butylated  hydroxytoluene 

TBA  -  thiobarbituric  acid 

AOS  -  antioxidant  solution 

BHA  -  butylated  hydroxyanisole 

TMP  -  tetramethoxypropane 


Table  I.  Diet  Formulation 


Ingredient3 

Percent  of  Diet  (w/w) 

Solka  floe 

6.5 

Corn  starch 

18.2 

Cerelose 

18.2 

Casein 

26.0 

Vitamin  mixb  (vitamin  E  omitted) 

1.30 

Mineral  mixb 

4.55 

DL-a-tocopherol  acetate  (LPX  diets  only) 

0.006 

DL-methionine 

0.390 

Choline  bitartrate 

0.260 

Dietary  oil  of  varied  composition  (see  table  II) 

24.6 

3  Ingredients  are  of  the  grade  specified  21 . 
bThe  AIN-76  formulations  were  used  21 . 

Table  II.  Dietary  Oil  Composition 


Fig.  1 .  Effects  of  diet  type  (HPX,LPX),  CLA,  and  clofibrate  on  urinary  MDA.  Results  of  tests 
for  fixed  effects  obtained  with  SAS  proc  mixed3  model  for  the  analysis  of  repeated  measures  data 
on  urinary  MDA  in  34  rats  are  as  follows: 


Source 

p  value  (two  tailed  t) 

Diet  type  (HPX,LPX) 

0.068 

CLA  status 

0.257 

Clofibrate  status 

<.001 

SAS/STAT  Software  Changes  and  Enhancements  6. 1 1,  SAS  Institute,  Cary,  NC 
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Fig.  2.  Effects  of  diet  treatment  group  on  mammary  gland  MDA.  n  =  8-9  per  group.  Error  bars 
represent  95%  confidence  intervals.  Student’s  two  tailed  t  test  statistics  for  differences  between 
groups  are  as  follows: 


Contrast 

Difference  of  means 

p  value  (two  tailed  t) 

LPX  vs  LPX-CLA 

.06 

.064 

HPX  vs  HPX-CLA 

3.8 

<.001 

All  LPX  vs  all  HPX 

3.1 

<.001 

Mean  mammary  gland  MDA  with  95%  conf.  intervals 
(nmol/mg  protein) 


Figure  2 


Diet  group 


Fig.  3.  Effects  of  diet  treatment  group  on  liver  MDA.  n  =  8-9  per  group.  Error  bars  represent 
95%  confidence  intervals.  Student’s  two  tailed  t  test  statistics  for  differences  between  groups  are 
as  follows: 


Contrast 

Difference  of  means 

p  value  (two  tailed  t) 

LPX  vs  LPX-CLA 

0.03 

0.39 

HPX  vs  HPX-CLA 

0.01 

0.83 

All  LPX  vs  all  HPX 

0.24 

<001 

Mean  liver  MDA  with  95%  conf.  interval 
(nmol/mg  protein) 


Fig.  4.  Effects  of  diet  treatment  group  on  8-OHdG  content  of  mammary  gland  (A)  and  liver  (B). 
n  =  8-9  per  group.  Error  bars  represent  95%  confidence  intervals.  No  significant  differences 
between  treatment  groups  were  observed  with  Student’s  two  tailed  t  test. 
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Figure  4B 
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Fig.  5.  Regression  analysis  of  tissue  MDA  and  8-OHdG  in  mammary  gland  (A)  and  liver  (B).  A 
small  but  significant  correlation  was  observed  in  liver,  n  =  30;  slope  =  4.21;  adjusted  r2  =  0.071; 
p  (1  tail)  =  0.042. 


Mammary  gland  8-OHdG  (res/106  res  dG) 


Figure  5A 


Figure  5B 


MANUSCRIPT  2 


CARCINOMA  CLONALITY,  MULTIPLICITY  AND  ANATOMICAL  REGIONAL  DIFFERENCES  OF 
PATHOGENETIC  TRAITS  IN  1 -METHYL-1 -NITROSOUREA-INDUCED  RAT  MAMMARY 
CARCINOGENESIS1 


Junxuan  Lu2,  Cheng  Jiang,  Henry  Thompson,  Terry  Mitrenga  and  Gary  Cutter 
Divisions  of  Laboratory  Research  ( JL,  CJ,  HT  &  TM) 
and  Biostatistics  (GC) 

AMC  Cancer  Research  Center 
1 600  Pierce  Street 
Denver,  CO  80214 

Running  title:  Ha-ras  and  MNU-induced  mammary  carcinogenesis 

Keywords:  mammary  carcinogenesis,  carcinoma  clonality,  carcinoma  multiplicity,  1 -methyl-1 - 
nitrosourea,  Ha-ras  oncogene 


Supported  by  a  Cancer  League  of  Colorado  grant  (JL),  Department  of  Defense  grant  AIBS 
2423  (HT)  and  National  Institute  of  Health  grant  CA  52626  (HT). 

Corresponding  author.  Address  correspondence  and  reprint  request  to 

Dr.  J.X.  Lu,  Divisions  of  Laboratory  Research,  AMC  Cancer  Research  Center,  1600  Pierce 
Street,  Denver,  CO  80214.  Tel:  303-239-3348,  Fax  303-239-3443,  email  Luj@AMC.org 


1 


ABSTRACT 


The  induction  of  mammary  carcinogenesis  in  the  rat  by  1 -methyl-1 -nitrosourea  (MNU)  is 
a  widely  used  experimental  model  for  breast  cancer.  In  the  experiments  reported,  the  Ha-ras 
codon  12  mutation  (GGA->GAA)  was  used  as  a  molecular  marker  to  address  issues  of  the 
clonality  of  carcinomas  induced,  patho-genetic  independence  among  multiple  carcinomas  within 
the  same  animal  and  distribution  of  this  marker  in  carcinomas  arising  in  different  mammary 
gland  chains.  Carcinogenesis  was  induced  in  50-day  old  female  Sprague-Dawley  rats  by  an 
intraperitoneal  injection  of  MNU  at  a  dose  of  either  25  or  37.5  mg  MNU  per  kg  body  weight. 
In  order  to  test  the  hypothesis  that  cancerous  cells  within  a  carcinoma  share  a  common  origin, 
5-um  sections  of  44  MNU-induced  mammary  carcinomas  were  dissected,  each  resulting  in  2 
to  4  sampled  sites  per  carcinoma  and  the  Ha-ras  codon  12  status  in  each  site  was  analyzed  by 
PCR-RFLP.  Forty  three  carcinomas  out  of  44  (i.e.,  97.7%)  bore  concordant  Ha-ras  genotypes 
among  the  multiple  sites  within  each  section,  consistent  with  the  monoclonal  origin  hypothesis. 
Upon  histological  analysis,  the  one  carcinoma  that  showed  discordant  Ha-ras  genotypes 
appeared  to  be  composed  of  two  separate  carcinomas  that  had  grown  together.  The 
relationship  among  multiple  carcinomas  within  the  same  animal  with  respect  to  the  occurrence 
of  the  Ha-ras  mutation  was  examined.  As  carcinoma  multiplicity  per  animal  increased  the 
observed  discordance  rate  of  Ha-ras  genotypes  increased  in  a  manner  that  was  consistent  with 
the  expected  discordance  rate  based  on  assumption  of  no-association  among  carcinomas, 
indicative  of  independent  initiation  among  multiple  carcinomas  within  the  same  animal.  Taken 
together,  these  data  indicate  that  MNU-induced  mammary  carcinogenesis  follows  a 
monoclonal  evolution  of  multiple,  independently-initiated  cells  that  emerge  as  distinct  mammary 
carcinomas  in  the  same  animal.  This  information  has  two  practical  implications:  1) 
Representative  sampling  for  genotying  the  Ha-ras  marker  can  be  achieved  with  high  accuracy 
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( ~ 98 %)  with  a  single  sample  from  a  carcinoma  section  because  of  the  monoclonal  nature  of 
carcinoma  origin;  and  2)  the  question  of  prevention  or  promotion  of  subpopulations  of  initiated 
cells  can  be  studied  because  of  the  independent  origin  of  multiple  carcinomas  within  the  same 
animal.  Furthermore,  a  significant  difference  was  observed  in  the  occurrence  of  Ha-ras  mutant 
carcinomas  between  the  cervical-thoracic  and  the  abdominal-inguinal  mammary  glands  in  that 
three  times  as  many  carcinomas  were  Ha-ras  mutant  in  the  former  as  in  the  latter  glands, 
whereas  the  Ha-ras  wild  type  carcinoma  occurrence  was  approximately  the  same  in  both 
regions.  This  observation  makes  it  imperative  that  all  identifiable  carcinomas  be  genotyped 
when  hypotheses  concerning  effects  of  agents  on  pathogenetically  distinct  subpopulations  of 
carcinomas  are  tested  in  this  model. 
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INTRODUCTION 


The  1 -methyl-1 -nitrosourea  (MNU)-induced  rat  mammary  carcinogenesis  model  (1)  has 
contributed  significantly  to  the  current  understanding  of  the  biology  of  breast  cancer  and  to 
potential  approaches  for  its  prevention.  Major  attributes  of  this  model  include  that  the 
proportion  of  mammary  carcinomas  that  are  ovarian  dependent  is  similar  to  that  observed  in 
the  human  disease  and  that  the  carcinomas  induced  are  aggressive  and  locally  invasive  (1). 
An  additional  advantage  is  that  because  MNU  is  a  direct  carcinogen,  there  is  a  clear  distinction 
between  the  processes  of  cancer  initiation  and  promotion  in  this  model  system.  This  latter 
feature  of  the  model  is  often  exploited  to  study  effects  of  cancer  preventive  agents  or  risk 
factors  on  the  promotion  and  progression  stages  of  mammary  carcinogenesis.  Technical 
improvements  since  its  original  publication  (1)  have  made  this  model  easier  to  implement  and 
more  reproducible  (2-4).  For  example,  Thompson  and  coworkers  (3,  4)  have  examined  this 
model  with  respect  to  the  route  of  carcinogen  administration  and  have  found  that  a  single  dose 
of  MNU  given  intraperitoneally  (i.p.)  or  subcutaneously  (s.c.)  was  as  effective  as  when  it  was 
given  by  intravenous  (i.v.)  injection,  the  method  of  administration  originally  reported  (1,2). 
When  MNU  was  administered  by  i.p.  injection,  smaller  coefficients  of  variation  in  the  number 
of  carcinomas  per  rat  were  observed,  an  improvement  the  authors  attributed  to  the  consistent 
manner  and  the  ease  with  which  the  MNU  was  delivered  (4).  The  work  reported  here  was 
based  on  the  induction  of  mammary  carcinogenesis  by  i.p.  administration  of  MNU. 

Experiments  were  designed  to  address  the  following  issues:  A)  Significant  morphological 
heterogeneity  is  consistently  observed  within  mammary  carcinomas,  as  has  been  described  in 
detail  (1),  even  though  monoclonal  origin  of  carcinoma  cells  is  generally  assumed.  However, 
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whether  such  heterogeneity  represents  morphological  progression  of  the  progeny  cells  of  a 

* 

single  initiated  cell,  or  the  fusion  of  distinct  initiated  cell  populations  has  never  been  critically 
addressed  in  this  system.  Resolution  of  this  issue  would  provide  insight  about  comparability 
with  the  human  disease  for  which  recent  evidence  indicates  a  monoclonal  origin  based  on  X- 
chromosome  inactivation  as  the  molecular  marker  (5)  in  spite  of  the  presence  of  considerable 
intratumor  morphological  heterogeneity.  B)  It  is  well  established  that  the  number  of  mammary 
carcinomas  per  rat  increases  with  increasing  MNU  dose  (3,  4,  6).  Whether  multiple 
carcinomas  within  the  same  animal  share  the  same  patho-genetic  markers  has  not  been 
critically  evaluated.  The  underlying  issue  concerns  the  validity  of  statistical  assumptions  used  in 
the  evaluation  of  the  carcinogenic  response.  C)  Regional  differences  have  been  observed  in  the 
occurrence  of  mammary  carcinomas  in  that  the  cervical-thoracic  (C-T)  mammary  gland  chains 
bear  approximately  twice  as  many  carcinomas  as  do  the  abdominal-inguinal  (A-l)  mammary 
gland  chains,  irrespective  of  route  or  dose  of  MNU  administration  or  the  strain  of  rats  used  (1, 
3,  4).  However,  little  is  known  about  the  patho-genetic  characteristics  of  the  carcinomas  in 
the  different  gland  chains.  With  the  help  of  the  Ha-ras  mutation  as  a  molecular  marker,  we 
provide  experimental  data  to  address  these  questions. 

The  patho-genetic  characteristics  of  this  experimental  model  of  breast  cancer  are  being 
defined  with  the  use  of  new  molecular  techniques.  One  of  the  identifiable  somatic  genetic 
changes  is  a  G  ->  A  transition  in  codon  12  (GGA  ->  GAA)  of  the  Havas  proto-oncogene  in  a 
proportion  of  the  carcinomas  (7-9).  In  spite  of  a  recent  paper  that  has  claimed  that 
mammary  epithelial  cells  bearing  preexisting  Ha-ras  codon  12  mutation  were  merely  promoted 
by  the  carcinogen  (14),  work  of  the  last  decade  with  this  model  convincingly  shows  that  this 
mutation  is  an  early  event  (7-11)  probably  as  a  result  of  methylation  of  the  guanine 
nucleosides  by  MNU  (12,  13).  Because  of  the  early  nature  of  the  Ha-ras  mutation  in  MNU- 
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induced  mammary  carcinogenesis,  the  carcinomas  and  the  initiated  cells  that  give  rise  to  them 
can  therefore  be  classified  into  two  patho-genetically  distinct  subpopulations,  i.e.,  those  with  a 
mutant  codon  12  Ha-ras  and  those  with  a  wild  type  codon  12  Ha-ras  gene.  For  brevity, 
WTras12  will  designate  a  genotype  that  is  wild  type  at  codon  12  (i.e.,  GGA)  and  mras12  the 
mutant  at  codon  12  (i.e.,  GAA). 


MATERIALS  AND  METHODS 

Animals,  diets  and  carcinogenesis  Female  Sprague-Dawley  rats  were  purchased  from 
Taconic  Farms  (Germantown,  NY)  at  21  days  of  age  and  fed  a  modified  AIN76A  diet  until  50 
days  of  age.  At  50  days,  they  were  injected  intraperitoneally  with  MNU  by  the  method 
reported  by  Thompson  and  Adlakha  (4).  The  dose  level  was  37.5  and  25  mg  MNU  per  kg  body 
weight  (BW)  for  experiments  1  and  2,  respectively.  The  rats  were  palpated  for  mammary 
tumors  twice  per  week.  When  a  tumor  was  first  palpated,  the  date  and  the  tumor  location 
were  recorded.  The  experiments  were  terminated  at  22  and  25  weeks  post-carcinogen  for 
experiments  1  and  2,  respectively.  At  necropsy,  tumors  and  suspicious  lesions  were  excised, 
fixed  in  10%  neutral  buffered  formalin  (12  h)  and  later  embedded  in  paraffin  and  sectioned  for 
histological  evaluation.  The  histopathological  criteria  were  as  described  by  Young  and 
Hallowes  (15).  Only  tumors  that  were  classified  as  carcinomas  were  used  for  genotyping  the 
Ha-ras  codon  12  status. 

Ha-ras  codon  12  mutation  detection  in  mammary  carcinomas  The  paraffin-embedded  tumor 
blocks  were  cut  into  5-t/m  sections.  These  sections  were  mounted  on  plastic  slides  coated 
with  polylysine  and  stained  with  hematoxylin  and  eosin  (H&E).  Each  section  was  viewed 
without  a  cover  slip  under  light  microscopy  and  marked  for  tissue  retrieval.  Pieces  of  a  section 
(approximately  2x2  mm)  were  carefully  cut  with  scissors  from  the  marked  area.  The  scissors 
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were  soaked  in  10%  Chlorox  bleach  and  heat  sterilized  between  samples  to  prevent  carry-over. 
Each  piece  was  incubated  with  proteinase  K  (400  pg/ml  in  100  mM  Tris-HCI,  2  mM  EDTA)  at 
50°C  for  3  h.  After  the  proteinase  K  was  inactivated  by  heating  at  95°C  for  8  min,  5%-10%  of 
the  extract  was  used  as  the  source  of  DNA  for  PCR  amplification.  This  tissue  collection 
procedure  permits  sampling  of  different  regions  of  a  carcinoma  for  PCR  analyses.  It  is 
important  to  note  that  when  this  tissue  sampling  procedure  was  tested  in  independent 
experiments  more  than  one  hundred  samples  have  been  repeated  at  different  times  to  check 
the  reproducibility  of  the  assay  and  to  ensure  the  absence  of  carry-over  and  all  of  the  repeated 
measures  showed  reproducible  results. 

The  mutational  status  of  Ha -ras  codon  1 2  was  determined  by  a  modified  polymerase 
chain  reaction-generated  restriction  fragment  length  polymorphism  (PCR-RFLP)  method  (16,17). 

The  upstream  primer  (5'AGTGTGATTCTCATTGGCAG-3')  was  placed  in  intron-1  to  avoid 
amplifying  the  Ha-ras  pseudogene.  The  G  ->  A  mutation  along  with  two  mismatches  in  the 
downstream  primer  (5'-AGGGCACTCTTTCgaACGCC-3')  introduces  a  Xmnl  restriction  site  into 
the  PCR  product  (116  bp),  which,  upon  digestion  with  the  Xmnl  endonuclease  of  the  PCR 
products,  generates  a  fragment  of  98  bp  that  is  diagnostic  for  the  mutation.  A  tracer  amount 
of  alpha-32P-dCTP  was  used  to  label  the  PCR  products.  The  digested  products  were  separated 
by  electrophoresis  on  a  6%  polyacrylamide  gel  and  detected  by  autoradiography  using  Kodak 
X-ray  films.  A  representative  gel  is  shown  in  Figure  1C. 

Statistical  methods  used  in  the  analyses  of  these  experiments  included  descriptive 
statistics,  chi-square  tests  including  Mantel-Haenszel  tests  for  homogeneity  of  the  association 
stratified  by  number  of  tumors  per  animal. 
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RESULTS 


1 .  Clonality  of  cancerous  cells  within  a  carcinoma 

Our  interest  in  the  monoclonal  or  polyclonal  origin  of  chemically  induced  mammary 
carcinogenesis  was  prompted  by  the  observation  that  the  gross  anatomy  of  mammary 
carcinomas  revealed  that  they  were  usually  composed  of  distinct  lobes  (examples  are  shown  in 
Figure  1A).  Tumor  Rat  235  T5  displayed  two  portions  that  stained  very  differently  by 
hematoxylin  and  eosin  (H&E).  When  it  was  assessed  by  PCR-RFLP  analyses  of  the  Ha-ras 
genotype,  one  portion  was  WTras12  and  the  other  mras12  (Figure  1C).  This  observation 
raised  the  possibility  that  this  carcinoma  was  composed  of  two  patho-genetically  distinct 
carcinomas  that  had  grown  together  during  their  development.  Therefore,  we  decided  to 
determine  how  common  it  was  to  observe  different  areas  or  lobes  within  a  carcinoma  to  be 
composed  of  different  subpopulations  of  cells  as  marked  by  presence  of  mras12  vs.  WTras12. 
The  hypothesis  was  that  rather  than  being  polyclonal  in  origin  (see  Scheme  1 ,  Figure  1  B),  the 
majority  of  the  mammary  carcinomas  induced  in  this  model  resulted  from  morphological 
diversification  of  progeny  cells  derived  from  a  single  initiated  cell,  i.e.,  monoclonal  origin  (See 
Scheme  2,  Figure  1  B). 

To  test  this  hypothesis,  we  randomly  selected  43  additional  carcinomas  and  carefully 
dissected  tissue  (to  prevent  carry-over)  from  multiple  sites  of  any  given  section.  In  total,  24 
carcinomas  were  sampled  with  2  sites  each,  5  carcinomas  with  3  sites  each  and  14 
carcinomas  with  4  sites  each.  Each  of  the  sampled  sites  was  genotyped  for  Ha-ras  codon  12 
as  shown  in  Figure  1C.  All  43  mammary  carcinomas  analyzed  showed  concordant  Ha-ras 
status  (  i.e.,  either  all  sites  were  mutant  or  all  sites  were  wild  type)  among  the  multiple  sites 
sampled  (Table  1).  Therefore,  these  data  support  a  monoclonal  origin  for  the  separate  lobes 
within  a  carcinoma  based  on  the  Ha-ras  as  a  marker  . 
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2.  The  pathogenetic  profile  of  multiple  carcinomas  within  the  same  animal 

Do  multiple  carcinomas  within  the  same  animal  share  the  same  patho-genetic 
characteristics?  If  the  answer  to  this  questions  is  yes,  it  should  follow  that  multiple 
carcinomas  within  an  animal  will  not  display  discordant  Ha-ras  genotype  (i.e.,  at  least  one 
carcinoma  is  different  from  the  rest)  because  all  carcinomas  are  either  mutant  ras  or  wild  type 
ras.  As  shown  in  Figure  1C  and  tabulated  in  Table  2,  the  data  did  not  support  this 
hypothesis.  Instead,  the  observed  discordance  rates  were  consistent  with  the  probabilities 
predicted  based  on  independent  origin  among  carcinomas  (as  illustrated  in  Figure  IB,  Scheme 
1).  The  result  was  observed  in  two  independent  experiments  in  which  different  amounts  of 
carcinogen  were  used  to  induce  mammary  carcinogenesis. 

3.  Disproportional  distribution  of  mutant  Ha-ras  carcinomas  in  different  anatomical  regions 

As  shown  in  Table  3,  significant  regional  differences  between  the  cervical-thoracic  (C-T) 
mammary  gland  chains  and  the  abdominal-inguinal  (A-l)  mammary  gland  chains  in  the  number 
of  carcinomas  induced  were  observed  in  both  experiments.  There  were  approximately  twice 
as  many  carcinomas  in  the  C-T  glands  as  in  the  A-l  glands,  confirming  earlier  reports  of 
anatomical  regional  difference  for  carcinoma  occurrence  in  this  model  (1,  3,  4).  However,  a 
surprising  finding  was  the  disproportional  distribution  of  mutant  ras  carcinomas  between  the  C- 
T  glands  and  the  A-l  glands  (Table  3).  Specifically,  more  than  3  times  as  many  mutant  ras 
carcinomas  were  located  in  the  C-T  glands  as  in  the  A-l  glands,  whereas  the  wild  type  ras 
carcinomas  were  almost  equally  distributed  between  the  two  regions  (Table  3).  The  overall 
disproportional  distribution  pattern  held  true  upon  secondary  analyses  stratifying  by  the  number 
of  carcinomas  per  animal  and  by  experiment.  Relevant  to  the  question  of  the  overall  Ha-ras 
mutation  frequency  in  this  model,  Zhang  and  Gould  have  reported  that  the  proportion  of  Ha-ras 
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mutant  carcinomas  is  inversely  correlated  to  the  dose  of  MNU  (10).  That  conclusion  was 
* 

supported  by  a  similar  inverse  relationship  between  MNU  dose  and  Ha-ras  mutation  proportion 
(Table  3,  compare  overall  Ha-ras  mutation  rate  in  Experiments  1  and  2). 


DISCUSSION 

The  objective  of  this  paper  was  to  address  three  issues:  the  clonality  of  cells  within 
MNU-induced  mammary  carcinomas;  the  independence  of  occurrence  of  multiple  carcinomas  in 
the  same  animal  and  whether  distribution  of  mammary  carcinomas  classified  by  Ha-ras  as  a 
patho-genetic  marker  was  similar  among  mammary  gland  chains.  The  experimental  data 
presented  support  the  monoclonal  origin  of  individual  carcinomas  based  on  the  Ha-ras  codon  12 
GGA  ->  GAA  mutation  as  the  molecular  marker,  in  spite  of  the  often-observed  distinct  lobes 
within  a  carcinoma.  Morphological  heterogeneity  within  carcinomas  is  therefore  likely  the 
result  of  diversification  of  progeny  cells  of  the  original  initiated  cell  during  clonal  expansion  and 
subsequent  selection  as  carcinomas  develop.  Aside  from  its  importance  in  revealing  the  clonal 
expansion  aspect  of  the  cancer  biology  in  this  model,  this  information  is  also  valuable  from  a 
practical  point  of  view  as  it  indicates  that  representative  sampling  of  tissue  for  genotyping 
purposes,  at  least  as  far  as  the  Ha-ras  mutation  is  concerned,  can  be  achieved  by  sampling  a 
single  site  with  an  accuracy  of  ~98%. 

With  respect  to  multiple  carcinomas  occurring  in  the  same  animal,  the  data  showed  that 
their  Ha-ras  codon  1  2  genotypes  were  independent  of  one  another,  that  is,  the  ras  genotype  of 
one  carcinoma  in  an  animal  does  not  predict  that  of  the  others  in  the  same  animal.  The  data 
were  consistent  with  the  hypothesis  that  multiple  independently  initiated  epithelial  cells  upon 
carcinogen  exposure  were  likely  to  give  rise  to  the  multiple  carcinomas  analyzed.  The 
independent  nature  of  individual  carcinomas  within  an  animal  supports  the  use  of  carcinoma 
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multiplicity  as  a  parameter  for  assessing  the  effects  of  preventive  agents  as  well  as  risk 
factors.  Taken  together,  the  data  discussed  above  support  the  notion  that  MNU  induces 

initiation  in  multiple,  independent  epithelial  cells  each  of  which  undergoes  monoclonal 
expansion  during  ensuing  promotion  and  progression  to  give  rise  to  distinct  carcinomas.  It 
should  be  noted,  however,  that  the  independent  nature  of  initiation  inferred  here  is  true  only  at 
the  molecular  marker  level.  Our  data  do  not  rule  out  physiological  (i.e.,  epigenetic) 
interdependence  among  carcinomas  within  the  same  animal.  Such  an  epigenetic  interaction 
among  carcinomas  or  initiated  cells  can  potentially  result  from  changes  in  the  endocrine  factors 
and  metabolic  milieu  brought  about  by  a  preexisting  carcinoma  and  could  influence  the 
emergence  of  additional  carcinomas  in  the  same  animal  and/or  the  latency  of  their  appearance. 
In  an  early  study,  the  kinetics  of  carcinoma  appearance  was  observed  to  slow  down 
significantly  after  the  appearance  of  the  first  tumor  (2).  The  implication  of  a  secreted 
inhibitory  factor  from  a  primary  tumor  in  suppressing  the  emergence  of  secondary  tumors  (18) 
highlights  the  complexity  of  this  issue. 

A  surprising  observation  reported  in  this  paper  was  the  significant  regional  differences  in 
the  occurrence  of  mutant  Ha-ras  carcinomas  in  the  C-T  mammary  glands  and  the  A-l  mammary 
glands.  In  fact,  the  previously  observed  2:1  C-T  to  A-l  ratio  of  carcinoma  occurrence  (1,3,4) 
could  be  almost  entirely  attributed  to  this  preferential  localization  of  mutant  ras  carcinomas  in 
the  C-T  mammary  gland  chains.  Whether  the  predominance  of  Ha-ras  mutation  in  the  C-T 
carcinomas  reflects  a  preferential  mutagenesis  by  MNU  in  favor  of  the  C-T  mammary  glands  or 
a  differential  regional  expression  of  the  mutant  ras  gene  product  which  in  turn  may  confer  a 
selection  advantage  to  those  initiated  cells  with  the  mutation  remains  to  be  determined. 
Nonetheless,  the  practical  implication  of  the  observed  regional  differences  should  not  be 
overlooked.  Until  the  cause  and  the  biological  significance  of  the  regional  differences  observed 
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in  this  study  are  clearly  understood,  it  is  advisable  to  follow  a  consistent  tissue  collection 
protocol  with  respect  to  carcinoma  location  in  the  mammary  gland  chains  so  that  this  source  of 
bias  is  minimized  when  carcinoma  tissues  are  collected  for  biochemical  and  cytological 
assessment. 

The  sampling  issue  is  especially  significant  when  "gene/pathway-specific"  prevention  of 
subpopulations  of  pathogenetically  identifiable  neoplasia  is  concerned.  We  and  others  have 
published  experimental  data  that  were  consistent  with  selective  promotion  (16,19)  or 
inhibition  (20)  of  subpopulations  of  initiated  cells  based  on  either  Ha-ras  or  Ki-ras  mutation  as 
markers.  For  such  applications  of  molecular  markers,  it  is  imperative  that  all  identifiable 
lesions  be  genotyped. 

In  summary,  experimental  data  presented  in  this  study  support  monoclonal  evolution  of 
multiple,  independently-initiated  cells  that  give  rise  to  distinct  mammary  carcinomas  in  the 
same  animal.  This  information  has  two  practical  implications:  1)  Representative  sampling  for 
genotying  the  Ha-ras  marker  can  be  achieved  with  high  accuracy  (98%)  with  a  single  sample 
from  a  tumor  because  of  the  monoclonal  nature  of  tumor  origin;  and  2)  the  question  of 
prevention  of  subpopulations  of  initiated  cells  can  be  studied  with  molecular  markers  because 
of  the  independent  origin  of  the  multiple  carcinomas  within  the  same  animal.  A  significant 
difference  was  observed  in  the  occurrence  of  Ha-ras  mutant  carcinomas  between  the  C-T  and 
the  A-l  mammary  glands.  This  observation  makes  it  imperative  that  all  identifiable  carcinomas 
be  genotyped  when  hypotheses  concerning  effects  of  agents  on  pathogenetically  distinct 
subpopulations  of  carcinomas  are  tested  in  this  model. 
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Figure  legend 


Figure  1.  A.  Examples  of  the  gross  appearance  of  tumor  sections  (H&E)  on  thin  plastic  slides. 
The  horizontal  bar  represents  1  cm  in  length.  Sample  code:  Rat234T6  --  Rat  #234,  tumor  #6. 
Lower  case  letters  indicate  sites  from  which  tissue  was  sampled  for  Ha-ras  genotyping.  B. 
Schematic  illustration  of  multiple  independent  origins  (polyclonality.  Scheme  1)  and  a  common 
origin  of  cancerous  cells  within  a  carcinoma  (monoclonality,  Scheme  2).  C.  PCR-RFLP  analysis 
of  Ha-ras  codon  12  genotype  in  carcinomas.  P,  positive  control  for  codon  12  mutation.  N, 
negative  control  for  ras  mutation,  i.e.,  untreated  rat  mammary  gland  DNA  (wild  type  ras  codon 
1  2).  The  presence  of  the  shorter  band  (98  bp)  is  diagnostic  of  the  ras  codon  1 2  mutation. 
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support  the  existence  of  bias  of  the  distribution  pattern  due  to  tumor  multiplicity  per  animal. 
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Abstract 

Conjugated  linoleic  acid  (CLA)  has  been  reported  to  have  significant  activity  in  inhibiting 
mammary  carcinogenesis.  A  major  objective  of  this  study  was  to  evaluate  how  the  kinetics  of 
CLA  retention  in  mammary  tissue  as  a  function  of  CLA  exposure/withdrawal  was  correlated 
with  cancer  prevention  in  this  target  organ.  Rats  treated  with  a  single  dose  of 
dimethylbenz(a)anthracene  (DMBA)  at  50  days  of  age  were  given  1%  CLA  in  the  diet  for  either 
4  weeks,  8  weeks  or  continuously  following  carcinogen  administration.  No  cancer  protection  was 
evident  in  the  4  or  8  week-CLA  treatment  groups.  Significant  tumor  inhibition  was  observed  only 
in  rats  that  were  given  CLA  for  the  entire  duration  of  the  experiment.  Analysis  of  CLA  in  the 
mammary  gland  showed  that  the  incorporation  of  CLA  was  much  higher  in  neutral  lipids  than  in 
phospholipids.  When  CLA  was  removed  from  the  diet,  neutral  lipid-  and  phospholipid-CLA 
returned  to  basal  values  in  about  4  and  8  weeks,  respectively.  The  rate  of  decay  of  neutral  lipid- 
CLA  (rather  than  phospholipid-CLA)  subsequent  to  CLA  withdrawal  paralleled  more  closely  the 
rate  of  emergence  of  new  tumors  in  the  target  tissue.  It  appears  that  neutral  lipid-CLA  may  be  a 
more  sensitive  marker  of  tumor  protection  than  phospholipid-CLA.  However,  the  physiological 
relevance  of  CLA  accumulation  in  mammary  lipids  is  unclear  and  remains  to  be  determined.  A 
secondary  goal  of  this  study  was  to  investigate  whether  CLA  might  selectively  inhibit  clonal 
expansion  of  DMBA  initiated  mammary  epithelial  cells  with  wild  type  versus  codon  61  mutated 
Ha-ras  genes.  Approximately  16%  of  carcinomas  in  the  control  group  (without  CLA)  were 
found  to  express  codon  6 1  ras  mutation.  Although  continuous  treatment  with  CLA  reduced  the 
total  number  of  carcinomas  by  70%,  it  did  not  alter  the  proportion  of  ras  mutant  versus  wild  type 
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carcinomas.  Thus  based  on  analysis  of  the  ras  genotype  marker,  the  data  seem  to  suggest  that  a 
clonal  selection  process  might  not  be  involved  in  tumor  suppression  by  CLA. 
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Introduction 

Conjugated  linoleic  acid  (CLA)  is  a  minor  fatty  acid  found  preferentially  in  red  meat  and 
dairy  products  (1).  The  biosynthesis  of  CLA  in  ruminants  is  accounted  for  by  a  rumen  bacterium 
which  is  known  to  convert  linoleic  acid  to  stearic  acid  via  CLA  (2).  Over  the  past  decade, 
research  from  several  laboratories  has  shown  that  CLA  expresses  powerful  activity  in  cancer 
protection  in  a  number  of  animal  models  (3-7).  Feeding  diets  containing  <  1%  CLA  results  in  a 
dose-dependent  suppression  of  tumor  development  in  the  mammary  gland  (8).  CLA  appears  to 
have  a  dual  effect  in  the  modulation  of  mammary  carcinogenesis  in  rats.  First,  exposure  to  CLA 
during  the  window  of  active  mammary  gland  morphogenesis  may  reduce  the  proliferation  of 
epithelial  end  bud  cells,  thus  conceivably  rendering  the  target  cell  population  less  susceptible  to 
carcinogen-induced  neoplastic  transformation  (8,9).  Second,  CLA  is  also  capable  of  inhibiting 
tumor  promotion/progression  (9);  however,  a  continuous  supply  of  CLA  is  required  for  this 
mechanism  of  action. 

The  above  study  regarding  the  effectiveness  of  CLA  in  blocking  tumor  progression  was 
carried  out  in  the  methylnitrosourea  (MNU)-induced  mammary  carcinogenesis  model  in  rats  fed  a 
5%  com  oil  diet  (9).  One  objective  of  the  experiments  reported  in  this  study  was  to  confirm  the 
necessity  of  maintaining  CLA  intake  after  cancer  induction  by  using  dimethylbenz(a)anthracene 
(DMBA)-treated  rats  fed  a  20%  com  oil  diet.  It  was  considered  important  to  assess  whether  the 
requirement  for  continuous  CLA  feeding  was  dependent  on  the  nature  of  the  carcinogen  or  the  fat 
content  of  the  diet.  Rats  were  therefore  given  CLA  for  a  duration  of  either  4,  8  or  20  weeks 
starting  immediately  after  a  single  dose  of  DMBA  to  evaluate  the  anticarcinogenic  efficacy  of 
these  various  intervention  regimens.  The  kinetics  of  mammary  tissue  CLA  retention  as  a  function 
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of  CLA  exposure/withdrawal  was  also  analyzed  in  order  to  determine  the  correlation  between 
time- dependent  changes  in  tissue  concentrations  of  CLA  and  effectiveness  of  cancer  protection. 
Additionally,  we  were  interested  in  finding  out  whether  CLA  might  selectively  inhibit  the  clonal 
expansion  of  DMBA-initiated  cells  carrying  either  the  wild  type  or  codon  61  mutated  Ha-ras 
gene.  Previous  work  from  Thompsons’  laboratory  has  shown  that  high  dietary  levels  of  linoleic 
acid  preferentially  increased  the  number  of  wild  type  Ha-ras  mammary  tumors,  but  not  the  codon 
12  mutant  Ha-ras  tumors,  in  the  rat  MNU  model  (10).  In  chemical  carcinogenesis,  specific  ras 
mutations  are  induced  and  are  believed  to  be  involved  in  early  stages  of  tumor  development  ( 1 1- 
14).  Generally  ras  mutation  is  considered  to  be  permissive  but  not  sufficient  for  carcinogenesis. 
Thus  the  ras  genotype  was  used  as  a  marker  in  the  present  study  to  identify  subpopulations  of 
neoplastically  transformed  cells  that  might  be  differentially  modulated  by  CLA  intervention. 
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Materials  and  Methods 

Pathogen-free  female  Sprague-Dawley  rats  were  purchased  from  Charles  River  Breeding 
Laboratories  at  45  days  of  age.  They  were  fed  a  20%  com  oil  diet  (6)  and  were  intubated  with  a 
single  dose  of  10  mg  of  DMBA  at  50  days  of  age  for  the  induction  of  mammary  tumors. 
Supplementation  of  CLA  (Nu-Chek,  Elysian,  MN)  at  1%  in  the  diet  was  started  4  days  after 
carcinogen  administration.  A  total  of  90  rats  were  given  CLA  and  were  divided  equally  into  3 
groups  according  to  the  length  of  CLA  treatment:  4  weeks,  8  weeks  or  continuous  until  the  end 
of  the  experiment.  Control  rats  (n=30)  were  not  given  CLA  at  any  time  during  the  study. 

Animals  were  palpated  weekly  for  mammary  tumors;  the  time  of  appearance  and  location 
of  tumors  in  the  mammary  gland  were  recorded.  The  experiment  was  terminated  20  weeks  after 
DMBA.  By  that  time,  the  development  of  palpable  tumors  had  plateaued  for  several  weeks 
across  all  groups.  Only  histologically  confirmed  adenocarcinomas  were  reported  in  the  results. 
Tumor  incidences  at  the  final  time  point  were  compared  by  chi-squared  analysis,  and  the  total 
tumor  yield  between  the  control  and  CLA-treated  groups  was  compared  by  frequency  distribution 
analysis  as  described  previously  (15). 

A  total  of  177  mammary  adenocarcinomas  were  harvested  from  the  above  carcinogenesis 
bioassay.  They  were  individually  identified  after  exercision  so  that  each  one  could  be  tracked  to 
its  time  of  appearance  in  a  particular  rat.  All  177  paraffin  block-embedded  tumors  were  analyzed 
for  codon  61  ras  mutation  (CAA— >CTA)  by  a  modification  of  the  polymerase  chain  reaction¬ 
generated  restriction  fragment  length  polymorphism  (PCR/RFLP)  method  as  described  by  Kumar 
and  Barbacid  ( 16).  Two  5-micron  sections  were  prepared  side-by-side  from  the  same  paraffin 
block,  one  mounted  on  a  plastic  slide,  the  other  on  a  glass  slide  which  was  subsequently  stained 
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with  hematoxylin  and  eosin  for  the  identification  of  tumor  cell  foci  under  the  microscope. 

The  exact  same  area  of  interest  was  matched  on  the  plastic  slide  and  was  then  cut  out 
for  DNA  extraction  ( 17).  The  primers  used  for  PCR  amplication  were  5’- 
GAGACGTGTTTACTGGACATCTT-3 ’  and  5 ’ - GT GTT GTT GAT GGC AAATAC AC AGAGG- 
3’  (synthesized  by  Integrated  DNA  Technologies,  Coralville,  IA),  which  yielded  a  1 16  bp  PCR 
product  (18,19).  The  PCR  reaction  mixture  contained  5  pi  of  DNA  extract,  10  mM  Tris-HCl,  pH 
8.3,  50  mM  KC1,  1.5  mM  MgCl2,  15  pM  deoxynucleotide  triphosphate,  1  pCi  of  a-[32P]dCTP, 

0. 1  pM  upstream  and  downstream  primers,  and  0.5  units  AmpliTaq  DNA  polymerase  (Perkin 
Elmer,  Norwalk,  CT).  For  each  batch  of  PCR  reaction,  PCR-grade  H20  was  used  as  a  blank, 
DNA  from  a  tumor  bearing  Ha-ras  codon  6 1  mutation  as  a  positive  control,  and  DNA  from 
normal  mammary  gland  as  a  negative  control.  Amplification  was  carried  out  for  40  cycles  at  94°C 
for  30  sec,  60°C  for  30  sec,  and  72°C  for  1  min  using  a  GeneAmp  PCR  system  9600  (Perkin 
Elmer).  The  codon  6 1  A->T  mutation  introduces  a  Xba  I  restriction  site  into  the  116  bp  PCR 
product,  which  upon  digestion,  generates  two  fragments  of  80  and  36  bp  that  are  diagnostic  for 
the  mutation.  In  contrast,  the  PCR  product  of  the  normal  gene  contains  a  sequence  that  is  not 
susceptible  to  digestion  by  Xba  I.  The  digested  materials  were  separated  by  electrophoresis  on  a 
6%  polyacrylamide  gel,  and  detected  by  autoradiography  on  X-ray  film. 

To  study  the  kinetics  of  CLA  retention  in  the  mammary  gland,  a  2-part  experiment  was 
carried  out  to  examine  (a)  the  rate  of  increase  of  tissue  CLA  following  the  start  of  CLA  feeding, 
and  (b)  the  rate  of  disappearance  of  tissue  CLA  following  CLA  withdrawal.  For  the  first  part,  60- 
day  old  rats  (age-matched  to  those  in  the  above  carcinogenesis  experiment  but  not  given  DMBA) 
were  fed  a  1%  CLA  diet  and  were  sacrificed  at  1,  2,  4,  6  or  8  weeks  later.  For  the  second  part, 
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rats  were  fed  a  1%  CL  A  diet  for  8  weeks,  the  treatment  was  discontinued  and  necropsy  was  timed 
at  1,  2,  4  or  6  weeks  after  CLA  withdrawal.  Total  lipid  was  extracted  from  the  mammary  gland 
(No.  4,  5  and  6)  by  chloroform/methanol.  The  separation  of  neutral  lipids  and  phospholipids  was 
achieved  with  the  use  of  a  Sep-Pak  silica  cartridge  as  described  in  an  earlier  publication  (5).  Gas 
chromatographic  analysis  of  the  CLA  methyl  ester  was  determined  by  the  method  reported 
previously  by  Chin  et  al  ( 1). 


9 


Results 

Figure  1  shows  the  time  course  of  mammary  tumor  development  in  control  rats  or  rats  fed 
CLA  for  various  lengths  of  time.  It  can  be  seen  that  short  term  feeding  of  CLA  for  only  4  or  8 
weeks  after  DMBA  administration  was  not  effective  in  tumor  inhibition.  In  the  8  week-CLA 
treatment  group,  the  time  course  curve  was  shifted  slightly  to  the  right,  suggesting  a  delay  of 
about  2  to  3  weeks  in  the  appearance  of  tumors.  However,  as  soon  as  CLA  was  withdrawn,  the 
rate  of  tumor  appearance  resumed  at  a  rapid  pace.  At  the  time  of  necropsy,  the  difference  in 
tumor  occurrence  between  the  control  group  and  the  8  week-CLA  treatment  group  was  not 
statistically  significant.  In  contrast,  marked  cancer  protection,  as  judged  by  a  50%  reduction  in 
tumor  incidence  and  a  70%  reduction  in  the  total  number  of  tumors,  was  observed  in  rats  that 
were  given  CLA  for  the  entire  duration  of  the  study. 

Figure  2  shows  some  representative  electrophoresis  autoradiograms  of  Xbal  digested  PCR 
products  from  tumors  with  either  wild  type  or  codon  6 1  mutant  ras  gene.  The  arrow  in  the 
diagram  indicates  the  presence  of  a  80-bp  band  which  is  diagnostic  for  the  mutation.  Table  I 
summarizes  the  appearance  of  each  wild  type  or  mutant  ras  mammary  carcinoma  along  a  timeline. 
In  the  control  group,  16%  of  the  tumors  expressed  the  mutant  ras  gene.  Continuous  feeding  of 
CLA  reduced  the  total  number  of  carcinomas  by  70%  but  was  found  to  suppress  approximately 
the  same  proportion  of  wild  type  and  mutant  ras  carcinomas  in  comparison  to  the  control  group. 
Short-term  treatment  with  CLA  for  4  or  8  weeks  did  not  decrease  significantly  the  total  number 
of  carcinomas,  nor  did  it  alter  markedly  the  distribution  of  carcinomas  carrying  either  the  wild 
type  or  mutant  ras  gene.  Overall,  there  was  clearly  no  unusual  pattern  in  the  time  of  appearance 
of  the  ras  mutant  tumors  due  to  CLA  intervention.  The  slight  delay  in  the  emergence  of  this 
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tumor  type  as  a  result  of  8  week-  or  continuous-CLA  feeding  was  consistent  with  the  delay  in 
general  of  all  the  tumors  in  these  two  groups  (see  Fig.  1).  Thus  our  results  indicate  that  CLA 
inhibited  carcinogenesis  irrespective  of  the  presence  or  absence  of  the  codon  61  ras  mutation. 

Figure  3  shows  the  kinetics  of  CLA  accumulation  and  disappearance  in  the  neutral  lipid 
fraction  of  the  mammary  tissue  following  CLA  administration  and  withdrawal.  As  the  results 
indicate,  the  incorporation  was  rapid  once  the  animals  were  introduced  to  CLA  in  the  diet.  The 
level  reached  approximately  70%  of  maximum  after  2  weeks  of  feeding,  and  plateaued  after  4 
weeks.  At  the  peak,  CLA  was  present  at  roughly  3%  of  total  fatty  acids  in  the  neutral  lipid 
fraction.  In  this  experiment,  some  animals  were  given  CLA  for  8  weeks.  The  regimen  was 
stopped,  and  the  decay  curve  of  CLA  was  then  plotted  in  the  same  composite  diagram  Figure  3 
shows  that  as  soon  as  CLA  was  discontinued,  the  rate  of  disappearance  from  the  mammary  tissue 
was  equally  fast,  with  a  return  to  basal  value  in  about  4  weeks  time. 

Figure  4  shows  the  increases  and  decreases  of  mammary  gland  phospholipid  CLA  from  the 
same  experiment.  It  should  be  noted  that  during  CLA  supplementation,  the  concentration  of  CLA 
in  phospholipids  (expressed  as  percent  of  total  fatty  acids)  was,  on  the  average,  an  order  of 
magnitude  lower  than  the  concentration  in  neutral  lipids.  Interestingly,  the  rate  of  change  of 
phospholipid  CLA  in  either  the  upswing  or  downswing  of  the  exposure/withdrawal  curve  was 
slower  compared  to  that  observed  with  neutral  lipid  CLA.  After  the  start  of  CLA  feeding,  the 
maximum  level  in  phospholipids  was  not  attained  until  about  6  to  8  weeks  later.  Similarly,  a 
diminished  but  still  detectable  amount  of  CLA  was  present  by  6  weeks  subsequent  to  the  removal 


of  CLA  from  the  diet. 
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Discussion 

The  present  study  confirms  our  previous  report  that  a  continuous  supply  of  CLA  is 
necessary  for  maximum  tumor  inhibition  in  the  post-initiation  phase  of  mammary  carcinogenesis. 
As  pointed  out  in  the  Introduction,  the  first  experiment  was  done  in  MNU-treated  rats  fed  a  5% 
com  oil  diet  (9),  whereas  the  repeat  experiment  described  here  was  carried  out  in  DMBA-treated 
rats  fed  a  20%  com  oil  diet.  Thus  this  characteristic  of  CLA  in  chemoprevention  is  apparently  not 
dependent  on  specific  genomic  mutation  induced  at  the  time  of  initiation  or  the  availability  of 
linoleic  acid  fed  to  the  animals  during  tumor  progression.  It  might  be  instructive  to  contrast  the 
effects  of  CLA  and  linoleic  acid  at  this  point.  Our  study  here  indicated  that  CLA  inhibits 
mammary  carcinogenesis  irrespective  of  the  presence  or  absence  of  ras  mutation.  Linoleic  acid, 
on  the  other  hand,  has  been  demonstrated  to  promote  selectively  the  development  of  the  wild  type 
ras  tumors,  but  not  the  mutant  ras  tumors,  in  MNU-treated  rats  (10).  Recent  data  also  suggested 
that  the  response  to  CLA  is  unlikely  due  to  a  displacement  of  linoleic  acid  in  the  mammary  tissue 
(20).  Collectively,  the  above  information  provides  supportive  evidence  that  these  two  fatty  acids 
may  have  distinctive  mechanisms  in  the  modulation  of  mammary  carcinogenesis. 

Mutations  of  the  ras  gene  have  been  reported  to  occur  in  a  target  organ-  and  chemical 
carcinogen- specific  manner  in  a  number  of  experimental  models  (21).  Zarbl  et  al  (22)  have 
previously  described  that  in  MNU-induced  mammary  tumors,  GGA-»GAA  mutation  in  codon  12 
of  the  Ha-ras  protooncogene  is  a  common  event.  The  mutation  probably  results  from 
methylation  of  guanine  by  diazomethane,  a  spontaneous  decomposition  product  of  MNU.  In 
contrast,  these  same  investigators  found  that  only  21%  (3  out  of  14)  of  DMB A- induced  mammary 
tumors  express  a  CAA— »CTA  mutation  in  codon  61  of  the  Ha-ras  gene  (22).  It  has  been 
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proposed  that  the  A— >T  transversion  is  likely  due  to  affinity  of  the  DMBA  diol  epoxide  to  adenine 
residue  as  well  as  to  sequence  selectivity  in  binding  of  the  metabolite  to  the  Ha-ras  DNA  (23,24). 
To  our  knowledge,  there  has  been  one  other  study  examining  Ha-ras  codon  61  mutation  in  the 
DMBA  model.  Interestingly,  Waldmann  et  al  (25)  did  not  find  such  a  mutation  in  a  total  of  50 
tumors.  The  relatively  low  incidence  of  Ha-ras  codon  61  mutation  in  our  study  is  similar  to  that 
reported  by  Zarbl  et  al  (22).  However,  it  should  be  noted  that  our  analysis  was  done  in  a  much 
larger  sample  size.  In  any  case,  the  data  in  Table  I  clearly  indicate  that  DMBA-initiated  cells  with 
or  without  a  Ha-ras  codon  6 1  mutation  are  equally  sensitive  to  the  inhibitory  activity  of  CLA. 

Recent  studies  by  Banni  et  al  (26)  have  shown  that  in  rats  fed  only  0.04%  CLA  in  the  diet 
for  1  week,  conjugated  diene-C18:3  and  -C20:3  were  recovered  in  the  liver.  Thus  it  appears  that 
desaturation  and  elongation  of  CLA  can  occur  in  vivo  while  maintaining  the  conjugated  diene 
structure.  The  presence  of  a  conjugated  diene-C20:4  metabolite  could  compete  with  arachidonic 
acid  for  the  cyclooxygenase  and  lipoxygenase  enzymes,  thereby  altering  the  biosynthesis  of 
prostaglandins,  thromboxanes  and  leucotrienes.  These  downstream  products  of  arachadonic  acid 
have  been  implicated  by  many  investigators  to  be  associated  with  promotion  of  carcinogenesis 
(27-32).  By  acting  as  a  precursor  to  conjugated  diene-C20:4,  CLA  could  potentially  play  the  role 
of  a  metabolic  modulator  in  this  process.  Thus  it  becomes  imperative  to  determine  if  conjugated 
diene-C20:4  is  found  in  the  mammary  gland  and  if  it  is  compartmentalized  in  a  specific  lipid 
fraction. 

From  our  CLA  analytical  data,  it  is  tempting  to  postulate  that  neutral  lipid  CLA  may  be  a 
better  indicator  of  protection  than  phospholipid  CLA.  Neutral  lipid  is  far  more  plentiful  than 
phospholipid  in  the  mammary  gland  (see  our  previous  work  quoted  in  reference  6).  The  larger 


pool  of  CLA  in  the  former  fraction  may  be  more  responsive  to  dietary  intake  because  it  serves  as 
a  depot  for  fatty  acids  that  are  not  immediately  utilized.  Furthermore,  the  rate  of  decay  of  neutral 
lipid  CLA  following  CLA  withdrawal  (Fig.  3)  seems  to  match  more  closely  the  rate  of  emergence 
of  new  tumors  (refer  to  4  week-  or  8  week-CLA  groups  in  Fig.  1). 

At  first  glance,  the  data  on  the  kinetics  of  CLA  retention  in  the  mammary  tissue  appear  to 
provide  a  reasonable  explanation  of  why  an  uninterrupted  supply  of  CLA  is  necessary  to  achieve 
tumor  inhibition.  As  long  as  there  is  an  abundant  source  of  CLA  present  in  the  target  organ, 
tumor  appearance  will  be  blocked  or  delayed.  However,  one  must  not  lose  sight  of  the  possibility 
that  CLA  or  a  metabolite  may  induce  an  effect  which  is  independent  of  its  accumulation  in 
mammary  lipids.  Future  research  will  be  aimed  at  delineating  (a)  whether  neutral  lipid  and 
phospholipid  CLA  levels  simply  represent  indicators  of  CLA  exposure,  (b)  whether  they  serve  as 
a  local  supply  of  CLA  for  further  metabolism,  and  (c)  whether  different  cellular  compartments  of 
the  mammary  gland  are  involved  in  the  accumulation  and  metabolism  of  CLA  that  ultimately  leads 
to  cancer  prevention. 
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Table  I.  Time  course  of  wild  type  and  mutant  ras  mammary  tumor  appearance  in  control  and 
CLA-supplemented  rats3 
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Figure  Legend 

Fig.  1.  Effect  of  interrupted  versus  continuous  CLA  feeding  after  DMBA  administration  on 

mammary  carcinogenesis.  The  duration  of  CLA  feeding  in  the  3  supplemented  groups  is 
indicated  along  the  X-axis  time  line  by  the  filled  symbols,  which  match  the  time  course  of 
mammary  tumor  development  on  the  main  body  of  the  diagram.  Control  group  without 
CLA  supplementation  is  represented  by  the  open  circle.  The  asterisk  denotes  statistically 
significant  difference  (P<0.05)  from  the  control  data. 

Fig.  2.  Detection  of  Ha-ras  codon  61  CAA— »CTA  mutation  by  PCR/RFLP  method.  The 

mutation  produces  a  Xbal  site  in  amplified  1 16-bp  DNA  fragment.  Upon  separation  of 
the  Xbal-digested  product  in  6%  polyacrylamide  gel,  the  presence  of  a  80-bp  band 
(arrow)  serves  as  a  diagnostic  marker  for  the  mutation.  PCR  products  were  labeled  with 
tracer  amount  of  a-[32P]dCTP  and  detected  by  autoradiography.  Lane  B,  blank  without 
template  DNA;  Lane  M,  normal  mammary  gland  DNA  as  a  negative  control;  Lane  1- 16, 
mammary  adenocarcinomas  DNA.  +  and  5  pi  of  PCR  product  treated  with  or  without 
5  units  of  Xbal,  respectively. 

Fig.  3.  The  kinetics  of  CLA  retention  in  neutral  lipids  of  mammary  gland  following  CLA 

supplementation  and  withdrawal.  The  results  are  expressed  as  %  of  total  fatty  acids, 
mean  ±  SE  (n=6). 

Fig.  4.  The  kinetics  of  CLA  retention  in  phospholipids  of  mammary  gland  following  CLA 
supplementation  and  withdrawal. 
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ABSTRACT 


Chemically-induced  models  of  mammary  carcinogenesis  in  the  rat  are  widely 
used  to  study  the  biology  of  breast  cancer  development  and  to  examine  potential 
approaches  for  the  prevention  of  this  human  disease.  Whereas  both  genetic 
mutations  and  alterations  in  gene  expression  are  being  elucidated  in  the  human 
disease,  very  little  is  known  about  gene  expression  changes  that  are  associated 
with  chemically-induced  carcinogenesis  in  animal  models.  This  paper  reports  the 
identification  of  over-expressed  genes  associated  with  mammary  carcinogenesis 
induced  by  1 -methyl-1 -nitrosourea  using  differential  display  of  mRNA  and  molecular 
cloning.  Nine  over-expressed  gene  fragments  were  identified  in  mammary 
carcinomas  in  comparison  with  the  uninvolved  mammary  gland,  liver  and  kidney. 
Clone  3  represented  the  rat  homologue  of  human  galectin-7.  Clone  4  was  the 
homologue  of  the  gene  coding  for  the  human  melanoma  inhibitory  activity 
protein/bovine  chondrocyte-derived  retinoic  acid  sensitive  protein  (MIA/CD-RAP). 
Clone  16  and  18  were  the  homologues  of  the  mouse/human  DNA  primase  small 
unit  and  mouse  stearyl-CoA  desaturase-2  gene,  respectively.  Clones  10  and  14 
were  the  homologue  of  mouse  endo  B  cytokeratin/human  cytokeratin-1 8  gene. 
Although  these  known  genes  have  each  been  implicated  in  some  aspect  of 
carcinogenesis,  their  identification  in  this  study  is  the  first  time  that  they  have  been 
associated  with  chemically  induced  mammary  carcinogenesis.  Clone  15  did  not 
match  any  gene  or  expressed  sequence  tag  (EST)  whereas  clones  1  and  9  showed 
significant  homology  to  several  ESTs.  The  expression  patterns  of  clones  3, 


2 


'4,10/14  and  18  were  highly  mammary  carcinoma-specific  when  compared  to  12 
other  normal  tissues  such  as  either  virgin  or  lactating  mammary  gland,  liver,  heart 
and  lung.  The  tumor-specific  expression  of  these  genes  was  also  observed  in  rat 
mammary  carcinomas  induced  by  7,1 2-dimethylbenz(alpha)anthracene  (DMBA), 
indicating  the  generality  of  the  role  of  the  identified  genes  in  rat  mammary 
carcinogenesis.  Full  length  cDNA  has  been  cloned  and  sequenced  for  clone  3  and 
clone  4.  Sequence  comparison  between  cDNA  obtained  from  rat  fetal  tissue  RNA 
and  that  from  mammary  carcinoma  RNA  revealed  no  mutation  in  the  MIA/CD-RAP 
coding  region  in  the  MNU-induced  mammary  carcinomas.  The  gene  expression 
changes  identified  in  this  study  may  represent  useful  molecular  markers  to 
understand  mammary  carcinogenesis  in  these  model  systems  as  well  as  in  the 
human  disease. 
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INTRODUCTION 


Breast  carcinogenesis,  as  cancer  development  in  other  organ  sites,  is  a 
multistep  process  that  spans  decades.  Qualitative  genetic  changes  such  as  gene 
mutations  and  chromosomal  alterations  as  well  as  quantitative  gene  expression 
changes  have  now  been  found  to  be  quite  common  in  malignancies.  Although  the 
recent  discovery  of  breast  cancer  susceptibility  genes  BRCA-1  and  BRCA-2  (1-3) 
highlights  the  significant  progress  toward  understanding  the  basis  of  genetic 
susceptibility  to  breast  carcinogenesis,  the  elucidation  of  the  patho-genetic 
pathways  and  the  identification  of  molecular  markers  of  sporadic  breast 
carcinogenesis,  the  majority  of  which  do  not  involve  these  two  susceptibility 
genes,  still  remain  an  unattained  goal. 

As  a  step  toward  that  goal,  we  have  undertaken  the  identification  of  gene 
expression  changes  associated  with  a  widely  used  model  of  breast  carcinogenesis, 
i.e.,  the  1 -methyl-1 -nitrosourea  (MNU)-induced  mammary  carcinogenesis  in  the  rat 
by  differential  display  of  mRNA  (4)  and  molecular  cloning.  The  underlying 
hypothesis  was  that  quantitative  changes  in  the  expression  of  critical  genes 
contributed  to  the  genesis  of  mammary  cancer  and  such  genes  were  potential 
molecular  markers  of  mammary  carcinogenesis.  Here  we  report  the  identification 
of  9  over-expressed  gene  fragments  associated  with  mammary  carcinogenesis 
induced  by  MNU  and  the  expression  patterns  of  selected  genes  in  normal  tissues  as 
well  as  in  mammary  carcinomas  induced  by  either  MNU  or  7,12- 
dimethylbenz(alpha)anthracene  (DMBA)  in  the  rats. 
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MATERIALS  AND  METHODS 


Chemical  Carcinogenesis  MNU-induced  rat  mammary  carcinomas  that  were  used 
for  the  differential  display  of  mRNA  were  obtained  by  a  recently  published  short¬ 
term  protocol  of  Thompson  et  al.  (5).  Briefly,  female  Sprague-Dawley  rats  were 
obtained  from  Taconic  Farms,  Germantown,  NY  at  21  days  of  age  and  were  given 
an  i.p.  injection  of  MNU  (50  mg  per  kg  body  weight).  At  two  months  post-MNU 
injection,  a  rat  (#35)  bearing  multiple  mammary  tumors  was  killed  and  3 
carcinomas,  the  uninvolved  mammary  glands  and  the  kidney  were  quickly  excised 
and  frozen  in  liquid  nitrogen  immediately.  In  order  to  establish  the  relevance  of  the 
genes  identified  from  this  short  term  model  to  the  "conventional"  MNU 
carcinogenesis  model  in  which  the  carcinogen  is  administered  at  50  days  of  age, 
mammary  carcinomas  were  also  obtained  by  an  i.p.  injection  of  MNU  at  50  days  of 
age  (6)  and  were  used  for  gene  expression  detection  by  Northern  blot  analyses.  In 
addition,  DMBA-induced  rat  mammary  carcinomas  were  obtained  from  Dr.  Clement 
Ip  of  Roswell  Park  Cancer  Institute,  Buffalo,  NY  to  examine  the  generality  of  these 
gene  expression  changes  in  rat  mammary  carcinomas  induced  by  two  different 
chemical  carcinogens. 

RNA  isolation  Total  RNA  was  extracted  from  carcinomas  and  tissues  by  acidic 
phenol  extraction  using  a  commercial  kit  from  BIOTECX  Laboraotries,  Inc.  ( 
Houston,  TX).  For  differential  display  of  mRNA,  the  total  RNA  preparations  were 
digested  with  RNase-free  DNase  (GenHunter  Corporation,  Nashville,  TN)  in  order  to 
remove  contaminating  genomic  DNA.  For  cDNA  library  construction,  poly  A(  +  ) 
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‘  mRNA  was  enriched  by  oligo  (dT)-cellulose  column. 

Differential  display  Differential  display  of  mRNA  was  carried  out  with  the 

RNAimage™  kit  (GenHunter  Corporation,  Nashville  TN)  according  to 

manufacturer's  instructions  with  two  minor  modifications:  1)  One  tenth  of  the 
recommended  amount  of  total  RNA  was  used  for  the  reverse  transcription  step  in 
order  to  minimize  an  inhibitory  activity(s)  present  in  the  mammary  tissue  RNA 
preparation;  2)  It  was  found  that  an  annealing  temperature  of  42  °C  for  PCR  was 
optimal  in  Denver,  CO  to  yield  reproducible  display  patterns.  Duplicate  reactions 
were  run  for  each  primer  combination.  The  PCR  products  (labeled  by  alpha-32P- 
dATP)  from  the  3  mammary  carcinomas  (T, ,  T2  and  T3),  the  uninvolved  mammary 
tissue  and  kidney  were  contrasted  side-by-side  on  sequencing  gels.  Only  those 
bands  that  were  present  in  carcinoma  lanes,  but  absent  in  mammary  gland  and 
kidney  lanes  were  cut  and  re-amplified  by  PCR.  The  PCR  products  were  size 
separated  on  low  melting  point  agarose  gel  and  band(s)  of  the  expected  size  was 
eluted.  The  gel-purified  PCR  bands  were  used  as  templates  to  generate  32P-labeled 
probes  for  Northern  blot  detection  of  gene  expression  on  a  screening  panel  of  RNA 
preparations  comprised  of  two  kidney  samples,  two  liver  samples,  the  3  mammary 
tumors  that  were  used  for  the  original  differential  display.  In  addition,  the 
uninvolved  mammary  gland  tissue  and  mammary  gland  tissue  excised  from  a  day-1 
post-partum  female  rat  were  included  in  the  screening  panel.  The  RNA  samples 
were  size-separated  by  electrophoresis  and  transferred  onto  Nylon  membrane  for 
Northern  blot  detection  of  gene  expression.  GAPDH  or  cyclophylin  gene  was 
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'probed  as  an  internal  control  for  loading  correction. 

Cloning  and  Sequencing  Those  PCR  bands  that  detected  carcinoma-specific  gene 
expression  were  cloned  into  pGEM-T  vector  (Promega,  Madison,  Wl).  For  each 
band,  four  clones  were  inoculated  and  the  plasmid  DNA  was  isolated  by  an  alkaline 
mini-prep  procedure  and  at  least  two  clones  are  sequenced  on  both  strands  by  the 
dideoxy  chain  termination  method  of  Sanger  (7)  using  a  kit  from  US  Biochemicals 
(St  Louis,  MO).  A  commercial  service  utilizing  thermal  cycle  sequencing  (Cornell 
DNA  Service,  Ithaca,  NY)  was  also  used  to  confirm  the  sequence  of  a  few  of  the 
clones.  The  cloned  gene  fragments  were  used  as  templates  to  generate  randomly 
labeled  probes  for  Northern  detection  again  to  confirm  that  the  cloned  sequences 
corresponded  to  the  genes  originally  detected  by  the  PCR  products  from  differential 
display  gels.  Sequence  search  was  done  using  the  BLASTN  algorithm  (8)  with 
GenBank  nr  databases  and  expressed  sequence  databases  dbEST. 

Cloning  full  length  cDNA  A  cDNA  library  was  constructed  with  pooled  poly(A)  + 
mRNA  isolated  from  mammary  carcinomas  using  the  Marathon  cDNA  construction 
kit  (Clontech,  Inc,  Palo  Alto,  CA).  The  average  length  of  the  library  was  1.5  kb. 
Based  on  the  sequence  information  obtained  for  each  gene  fragment,  a  gene- 
specific  primer  was  synthesized  (Integrated  DNA  Technology,  Inc,  Coralville,  IA)  as 
the  down  stream  primer.  A  universal  upstream  primer  that  annealed  to  the  adapter 
which  had  been  ligated  into  the  cDNA  library  and  the  gene-specific  primer  were 
used  for  long  distance  PCR  using  KlenTaq  (a  combination  of  Taq  and  Vent 
polymerases)  to  increase  fidelity  of  cloning  (ClonTech,  Palo  Alto,  CA).  The  PCR 
fragments  were  cloned  into  the  pGEM-T  vector  and  sequenced  as  described  above. 
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RESULTS 


1 .  Differentially  expressed  gene  fragments 

A  total  of  1 5  primer  pair  combinations  were  used  to  compare  the  gene 
expression  patterns  of  3  MNU-induced  mammary  carcinomas  with  those  of  the 
uninvolved  mammary  gland  tissue  and  the  kidney,  all  of  the  same  rat.  Of  21  bands 
analyzed,  16  represented  differentially  expressed  genes  between  the  mammary 
carcinomas  and  normal  tissues.  This  high  level  of  positivity  (i.e.,  76%  =  16/21) 
for  identifying  gene  expression  changes  was  attributed  to  the  inclusion  of  a  kidney 
sample  in  the  differential  display  gels  as  an  epithelium-rich  control.  This  helped  to 
rule  out  a  great  number  of  epithelium-related  genes  which  could  show  differences 
between  the  mammary  carcinomas  and  the  mammary  gland  because  of  the  large 
difference  in  epithelial  cell  proportion  between  these  two  sites. 

Nine  clones  have  been  characterized  in  more  detail  and  are  reported  here. 
Representative  Northern  blot  detection  of  expression  of  these  genes  is  shown  in 
Figure  1 .  Several  points  are  noteworthy.  1 )  Most  of  the  clones  detected  tumor- 
specific  expression  with  the  exception  of  Clones  9  and  16,  which  detected  some 
expression  (<1/10  of  the  level  in  mammary  carcinomas)  in  liver  and  virgin 
mammary  gland,  respectively.  2)  The  observed  tumor-specific  gene  expression  was 
not  due  to  a  difference  in  the  proportion  of  mammary  epithelial  cells  between  the 
mammary  carcinomas  and  the  virgin  mammary  gland,  which  is  comprised  of  “  5% 
epithelial  cells.  This  was  supported  by  the  lack  of  expression  in  the  mammary  gland 
tissue  that  was  obtained  from  a  day-1  post-partum  rat,  even  though  the  gland  was 
comprised  primarily  of  secretory  epithelium  at  this  stage  of  gland  development 
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(Lane  9,  Figure  1).  3)  Some  clones  showed  variable  expression  levels  among 

mammary  tumors  (e.g.,  Clone  1  and  Clone  18)  from  the  same  animal. 

The  sequences  of  the  cloned  gene  fragments  that  detected  differential 
changes  by  Northern  blot  analyses  are  shown  in  Figure  2.  Sequence  homology 
search  by  Blastn  on  GenBank  nr  databases  identified  homologues  of  several  known 
genes  (Table  1).  These  included  clone  3,  human  galectin-7  (9);  clone  4, 
human/mouse  melanoma  inhibitory  activity  (10)/bovine  chorocyte-derived  retinoic 
acid  sensitive  protein  (1 1);  Clones  10  and  14,  which  differed  by  5  bases,  mouse 
endo  B  cytokeratin  (12)/human  cytokeratin-1 8  (13);  clone  16,  mouse/human  DNA 
primase  small  subunit  (14,15)  and  clone  18,  mouse  stearyl  Co-A  reductase  2  (16). 
Comparison  with  the  Genbank  expressed  sequence  tag  database  (dbEST)  identified 
significant  homology  between  Clone  1  and  two  mouse  clones  (gb  AA014143;  gb 
W36666)  and  a  human  EST  clone  (gb  N25349).  Clone  9  had  significant  homology 
to  human  EST  gb  N35187  and  to  several  mouse  EST  clones  (gb  W80253;  gb 
W82774).  No  homology  was  found  for  Clone  15  in  the  databases  searched. 

2.  Tissue-specific  gene  expression 

The  expression  patterns  of  Clones  3,  4,  10/14  and  18  in  non-mammary 
tissues  were  examined  by  Northern  blot  (Figure  3).  Clear-cut  mammary  carcinoma- 
specific  expression  was  observed  for  Clones  4  and  10/14  when  compared  with  12 
other  non-tumor  tissues.  Besides  strong  expression  levels  in  the  mammary 
carcinomas,  some  expression  was  observed  for  Clone  3  in  the  stomach  (<1/10  of 
expression  level  in  carcinomas)  and  Clone  18  in  the  brain  (“1/5  of  expression  level 
in  carcinoma). 
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3.  Expression  pattern  in  rat  mammary  carcinomas  induced  by  the  "conventional" 
MNU  injection  protocol  and  by  DMBA. 

Figure  4  shows  the  expression  patterns  of  Clones  3,  4  and  10/14  in  mammary 
carcinomas  induced  by  the  conventional  MNU  induction  protocol  (i.e.,  at  50  days  of 
age)  and  by  DMBA.  These  data  provided  strong  evidence  of  expression  of  these 
genes  in  the  rat  carcinomas  regardless  of  the  induction  protocol  and  the  nature  of 
the  chemical  carcinogens  used.  Because  many  known  tumor-specific  antigens 
represent  de-repressed  expression  of  embryonic  genes,  the  level  of  expression  of 
these  genes  was  examined  in  RNA  extracted  from  mid-term  (12-days)  rat  fetuses 
(Lane  F,  Figure  4).  The  expression  level  was  below  the  limit  of  detection  for  all 
three  genes,  in  spite  of  the  fact  that  full  length  rat  MIA/CD-RAP  cDNA  (Clone  4) 
was  successfully  cloned  by  RT-PCR  from  this  RNA  extract  (see  below). 

4.  Full  length  cDNA 

The  full  length  sequences  have  been  obtained  for  Clone  3  (Figure  5,  GenBank 
Accession  No.  U67883)  and  Clone  4  (Figure  6,  GenBank  accession  No.  U67884). 
Full  length  Clone  3  was  76%  homologous  to  human  galectin-7  at  the  nucleotide 
level  and  shared  72%  identity  and  84%  positivity  (i.e.,  similar  charge 
characteristics)  at  the  amino  acid  level  (Figure  5).  With  respect  to  clone  4,  i.e., 
MIA/CD-RAP,  cDNA  was  also  cloned  from  both  a  mid-term  and  a  full-term  fetal  rat 
RNA  preparation  by  RT-PCR  and  the  sequences  compared  with  that  derived  from 
the  mammary  carcinomas.  No  mutation  was  detected  in  the  coding  region  of  the 
cDNA  cloned  from  the  carcinomas.  The  deduced  rat  MIA/CD-RAP  protein 
sequence  was  aligned  with  those  of  the  human  and  other  species  in  Figure  6.  In 
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'spite  of  some  variability  in  the  signal  peptide  region  among  species  (the  first  22-24 
amino  acids),  the  mature  MIA  proteins  are  highly  conserved  (94%  identity  with 
both  human  and  mouse  MIA,  90%  identity  with  bovine  CD-RAP). 

DISSCUSSION 

Expression  data  have  been  presented  on  9  gene  fragments  that  were  over¬ 
expressed  in  the  mammary  carcinomas  induced  by  the  chemical  carcinogen  MNU, 
supporting  the  hypothesis  that  carcinogen-induced  alterations  of  gene  expression 
contribute  to  the  transformed  carcinoma  phenotype.  Several  points  are  noteworthy 
concerning  these  genes:  1)  None  of  the  known  homologues  of  the  genes 

identified  in  this  study  have  previously  been  associated  with  mammary 
carcinogenesis;  however,  each  of  these  known  genes  or  gene  families  has  been 
implicated  in  some  aspect(s)  of  carcinogenesis  in  other  tissues.  For  example,  the 
human  melanoma  inhibitory  activity  (MIA)  protein  was  purified  from  the 

conditioned  medium  of  a  slow  growing  melanoma  cell  line  as  a  secreted  factor. 
Molecular  cloning  confirmed  that  the  gene  product  is  a  secretory  protein  with 
inhibitory  activity  against  melanoma  cells  in  culture  (10).  The  expression  of  this 
gene  appears  restricted  to  melanoma  (10,  30),  but  has  recently  been  detected  in 
cultured  bovine  condrocytes  as  coding  for  a  retinoic  acid  sensitive  protein  (CD- 
RAP)  and  in  fetal  rodent  skeletal  cartilage  tissues  (11).  Sequence  comparison 
carried  out  in  this  study  between  MIA/CD-RAP  cloned  from  mammary  carcinomas 
and  from  rat  fetuses  did  not  reveal  any  mutation  in  the  coding  region,  supporting  a 
role  of  altered  MIA/CD-RAP  gene  expression  rather  than  specific  gene  mutation  in 
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'  chemically-induced  rat  mammary  carcinogenesis.  The  fact  that  retinoic  acid  is  a 
morphogen  in  embryogenesis  and  fetal  development  suggests  a  role  of  this  gene  in 
mediating  morphogenesis,  tissue  remodeling  and  differentiation  as  well  as  in 
mammary  carcinogenesis. 

The  galectin  family  of  proteins  share  a  common  property  in  binding  to 
galactosyl  moiety  with  conserved  primary  structural  features  (17,18).  Whereas 
little  is  known  about  the  specific  function  of  galectin-7,  the  human  form  of  which 
was  cloned  in  1995  (9),  galectin-1  and  galectin-3  have  been  examined  as  tumor- 
specific  markers  in  several  organ  sites  and  appear  to  be  informative  (19-25).  While 
each  type  of  galectin  may  have  specific  biological  and  pathological  functions,  their 
galactosyl  binding  property  suggests  that  they  may  be  involved  in  mediating  cell-cell 
recognition  and  cell-matrix  interaction,  processes  that  are  being  increasingly 
recognized  as  to  imparting  significant  regulatory  controls  over  cell  fates  and  tissue 
size  homeostasis. 

The  detection  of  over-expression  of  the  DNA  primase  small  subunit  (clone 
16)  in  mammary  carcinomas  may  reflect  the  increased  DNA  replication  and  cell 
proliferation  in  the  transformed  cells.  Similarly,  over-expression  of  stearyl-CoA 
reductase-2  (clone  18)  gene  may  be  indicative  of  altered  lipid  metabolism  in 
mammary  carcinoma  cells.  Endo  B  keratin/cytokeratin-1 8  and  its  partner  Endo  A 
keratin/cytokeratin-8  are  extremely  early  embryonic  genes,  detectable  at  4-  or  8-cell 
stage  of  embryonic  development  in  the  mouse  (26,27).  In  adult  tissue,  low  level 
of  gene  expression,  if  any,  is  restricted  to  simple  epithelium  (28).  Enforced  over¬ 
expression  of  both  cytokeratin-8  and  cytokeratin-1 8,  which  are  partners  for 
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’  assembly  into  intermediate  filaments,  confers  multiple  drug  resistance  to  mouse 
fibroblast  in  culture  (29).  The  utility  of  these  genes  as  potential  gene  expression 
markers  for  breast  carcinogenesis  remains  to  be  determined. 

2)  The  fact  that  expression  changes  of  the  genes  identified  in  this  study  were 
observed  not  only  in  MNU-induced  rat  mammary  carcinomas  but  also  in  DMBA- 
induced  carcinomas  indicates  a  generality  of  induction  of  these  genes  in  rat 
mammary  carcinogenesis.  Unpublished  data  showed  that  in  cultured  mouse 
mammary  epithelial  cells,  cytokeratin-1  8  (clonelO/14)  appeared  to  be  expressed 
and  the  expression  level  correlated  with  the  neoplastic  transformation  stage  of  the 
cell  lines  used  (Lu  et  al,  1996).  Work  is  in  progress  to  evaluate  the  relevance  of 
these  genes  in  human  breast  carcinogenesis. 

3)  The  newly  identified  mammary  carcinogenesis  associated  genes  do  not 
contain  retroviral  sequences  whereas  1  of  2  over-expressed  genes  identified  by 
Young  et  al  (31)  in  the  same  model  system  by  subtractive  hybridization  is  a 
retrovirus-related  sequence.  As  the  observed  gene  expression  changes  most  likely 
represent  a  small  fraction  of  altered  gene  expression  associated  with  mammary 
carcinogenesis,  different  gene  screening  approaches  are  likely  to  complement  one 
another  to  yield  a  fuller  spectrum  of  the  gene  expression  changes  that  are 
associated  with  mammary  carcinogenesis. 

In  summary,  the  combination  of  differential  display  of  mRNA  and  molecular 
cloning  identified  9  gene  fragments  whose  over-expression  were  associated  with 
chemically  induced  rat  mammary  carcinogenesis.  The  expression  of  most  of  these 
genes  was  mammary  carcinoma-specific.  The  fact  that  these  genes  were  also 


13 


’  observed  to  be  over-expressed  in  DMBA-induced  mammary  carcinomas  indicated 
their  potential  broad  utility  as  gene  expression  markers  of  mammary  carcinogenesis. 
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'  Figure  Legend 

Figure  1.  Northern  blot  analyses  of  gene  expression  detected  by  cloned  gene 
fragments  on  a  screening  panel  of  RNA  isolated  from  rat  kidneys  (lanes  1  &  2),  3 
MNU-induced  mammary  carcinomas  (lanes  3-5),  livers  (lanes  6  &7),  an  uninvolved 
virgin  mammary  gland  (lane  8)  and  a  lactating  mammary  gland  at  day  1  post-partum 
(lane  9).  Arrowheads  point  to  full  size  transcripts  for  clones  15  and  16  which 
showed  gene-specific  partial  degradation  of  RNA.  Glyceraldehyde-3-phosphate 
dehydrogenase  (GAPDH)  gene  was  probed  as  an  internal  control  for  loading 
correction. 

Figure  2.  Nucleotide  sequences  of  cloned  gene  fragments.  Single  underlined 
sequences  represent  primers  used  for  differential  display  of  mRNA.  Termination 
codons  for  known  genes  are  double  underlined.  Canonical  polyadenylation  signals 
are  highlighted  in  bold. 

Figure  3.  Northern  blot  detection  of  expression  of  selected  genes  in  rat  tissues  and  MNU- 
induced  mammary  carcinomas.  Tissues  examined  were:  S  -  spleen,  L  -  liver,  K  - 
kidney,  0  -  ovary,  B  -  brain,  St  -  stomach,  SI  -  small  intestine,  C  -  colon,  Lu  -  lung, 

H  -  heart,  Mu  -  muscle,  Mg  -  uninvolved  virgin  mammary  gland  and  T4,  T5,  T6  -  mammary 
carcinomas  induced  by  MNU  using  the  short-term  protocol.  GAPDH  gene  was  probed  as  an 
internal  control  for  loading  correction. 
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‘  Figure  4.  Northern  blot  analyses  of  gene  expression  in  rat  mammary  carcinomas  induced 
by  MNU  or  DMBA.  The  carcinogens  were  administered  when  the  rats  were  50  days  of 
age.  T2  and  T3  were  RNA  from  MNU-induced  mammary  carcinomas  used  for  the  initial 
differential  display.  F  was  RNA  isolated  from  mid-term  rat  embryos.  Cyclophylin  gene  was 
probed  as  an  internal  control  for  loading  correction. 

Figure  5  Sequence  of  full  length  cDNA  of  rat  galectin-7  and  alignment  of  deduced  amino 
acid  sequence  with  the  human  homologue  (9).  A  vertical  line  indicates  amino  acid  identity 
and  a  plus  "  +  "  indicates  similar  charge  characteristics  for  the  encoded  amino  acids. 

Figure  6  Sequence  of  full  length  cDNA  of  rat  MIA/CD-RAP  and  alignment  of  deduced  amino 
acid  sequence  with  homologues  from  mouse  (10),  cow  (1 1)  and  human  (10).  The  reported 
rat  partial  sequence  (11)  was  also  aligned  here  for  comparison.  Predicted  cleavage  site  for 
the  signal  peptide  is  between  amino  acid  residues  22  and  23. 
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The  efficacy  of  conjugated  linoleic  acid  in  mammary  cancer 
prevention  is  independent  of  the  level  or  type  of  fat  in  the  diet 
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The  objective  of  the  present  study  was  to  investigate 
whether  the  anticarcinogenic  activity  of  conjugated  linoleic 
acid  (CLA)  is  affected  by  the  amount  and  composition  of 
dietary  fat  consumed  by  the  host.  Because  the  anticancer 
agent  of  interest  is  a  fatty  acid,  this  approach  may  provide 
some  insight  into  its  mechanism  of  action,  depending  on 
the  outcome  of  these  fat  feeding  experiments.  For  the  fat 
level  experiment,  a  custom  formulated  fat  blend  was  used 
that  simulates  the  fatty  acid  composition  of  the  US  diet. 
This  fat  blend  was  present  at  10,  13.3,  16.7  or  20%  by 
weight  in  the  diet.  For  the  fat  type  experiment,  a  20% 
(w/w)  fat  diet  containing  either  corn  oil  (exclusively)  or  lard 
(predominantly)  was  used.  Mammary  cancer  prevention  by 
CLA  was  evaluated  using  the  rat  dimethylbenz[a]anthra- 
cene  model.  The  results  indicated  that  the  magnitude  of 
tumor  inhibition  by  1%  CLA  was  not  influenced  by  the 
level  or  type  of  fat  in  the  diet.  It  should  be  noted  that  these 
fat  diets  varied  markedly  in  their  content  of  linoleate. 
Fatty  acid  analysis  showed  that  CLA  was  incorporated 
predominantly  in  mammary  tissue  neutral  lipids,  while  the 
increase  in  CLA  in  mammary  tissue  phospholipids  was 
minimal.  Furthermore,  there  was  no  evidence  that  CLA 
supplementation  perturbed  the  distribution  of  linoleate  or 
other  fatty  acids  in  the  phospholipid  fraction.  Collectively 
these  carcinogenesis  and  biochemical  data  suggest  that  the 
cancer  preventive  activity  of  CLA  is  unlikely  to  be  mediated 
by  interference  with  the  metabolic  cascade  involved  in 
converting  linoleic  acid  to  eicosanoids.  The  hypothesis  that 
CLA  might  act  as  an  antioxidant  was  also  examined. 
Treatment  with  CLA  resulted  in  lower  levels  of  mammary 
tissue  malondialdehyde  (an  end  product  of  lipid  peroxida¬ 
tion),  but  failed  to  change  the  levels  of  8-hydroxydeoxygu- 
anosine  (a  marker  of  oxidatively  damaged  DNA).  Thus 
while  CLA  may  have  some  antioxidant  function  in  vivo  in 
suppressing  lipid  peroxidation,  its  anticarcinogenic  activity 
cannot  be  accounted  for  by  protecting  the  target  cell  DNA 
against  oxidative  damage.  The  finding  that  the  inhibitory 
effect  of  CLA  maximized  at  1  %  (regardless  of  the  availabil¬ 
ity  of  linoleate  in  the  diet)  could  conceivably  point  to  a 
limiting  step  in  the  capacity  to  metabolize  CLA  to  some 
active  product(s)  which  is  essential  for  cancer  prevention. 


*Abbreviations:  CLA,  conjugated  linoleic  acid;  MNU,  methylnitrosourea: 
DMBA,  7,12-dimethylbenz[a]anthracene;  MDA,  malondialdehyde;  8-OHdG, 
8-hydroxydeoxyguanosine;  TBA,  thiobarbituric  acid;  AOS,  antioxidant  solu¬ 
tion;  dG,  deoxyguanosine. 


Introduction 

Conjugated  linoleic  acid  (CLA*)  is  a  positional  and  geometric 
isomer  of  linoleic  acid  (1).  It  is  a  minor  fatty  acid  found 
preferentially  in  beef  and  dairy  products  (2).  In  contrast  to 
linoleic  acid,  which  has  been  found  consistently  to  enhance 
mammary  tumorigenesis  in  rodents  over  a  wide  concentration 
range  (3-5),  CLA  expresses  an  inhibitory  effect  at  levels  of 
1  %  or  less  in  the  diet  (6,7).  Recently,  we  described  two  distinct 
activities  of  CLA  in  mammary  cancer  prevention  with  the  use 
of  the  methylnitrosourea  (MNU)  model  (8).  First,  exposure  to 
CLA  during  the  early  post-weaning  and  peripubertal  period 
only  (21^12  days  of  age)  is  sufficient  to  block  subsequent 
tumorigenesis  induced  by  a  single  dose  of  MNU  given  at  56 
days  of  age.  This  observation  suggests  that  CLA  is  able  to 
effect  certain  changes  in  the  immature  mammary  gland  and 
render  it  less  susceptible  to  neoplastic  transformation  later  in 
life.  Second,  CLA  is  also  active  in  suppressing  tumor  promo¬ 
tion/progression.  However,  this  mode  of  action  is  different 
from  the  first  in  that  once  the  mammary  cells  have  been 
initiated  by  a  carcinogen,  a  continuous  intake  of  CLA  is 
necessary  to  achieve  maximal  inhibition. 

The  above  cited  studies  on  CLA  chemoprevention  (6-8) 
were  carried  out  in  rats  fed  a  5%  (w/w)  fat  diet  formulated 
with  com  oil.  Currently,  there  is  no  information  as  to  whether 
an  increase  in  the  level  of  fat  or  a  substitution  of  the  type  of 
fat  in  the  diet  might  affect  the  cancer  inhibitory  efficacy  of 
CLA.  The  experiments  described  in  this  paper  were  designed 
to  address  this  question.  Because  the  anticancer  agent  of 
interest  is  a  fatty  acid,  it  is  anticipated  that  the  approach  will 
provide  some  insight  into  its  mechanism  of  action,  depending 
on  the  outcome  of  these  fat  feeding  experiments.  For  the  fat 
level  experiment,  a  custom  formulated  fat  blend  was  used  that 
simulates  the  fatty  acid  composition  of  the  US  diet.  The  idea 
was  to  examine  the  efficacy  of  CLA  in  the  context  of  a  fat 
consumption  habit  (10-20%  by  weight)  that  is  relevant  to 
humans.  For  the  fat  type  experiment,  a  20%  (w/w)  fat  diet 
containing  either  com  oil  (exclusively)  or  lard  (predominantly) 
was  used.  Com  oil  and  lard  differ  significantly  in  their  content 
of  linoleate.  Therefore,  changes  in  the  inhibitory  activity  of 
CLA  in  the  presence  of  these  two  fat  types  may  point  to  a 
possible  interaction  between  CLA  and  linoleic  acid  in  modulat¬ 
ing  tumor  growth.  Mammary  cancer  prevention  by  CLA  under 
these  various  dietary  conditions  was  evaluated  using  the  rat 
dimethylbenz|«]anthracene  (DMBA)  model. 

Previous  work  by  Ha  et  al.  (9)  suggested  that  CLA  is  a 
potent  antioxidant.  At  a  molar  ratio  of  1  part  CLA  to  1000 
parts  linoleic  acid,  peroxide  formation  was  reduced  by  >90% 
in  a  test  tube  assay.  In  fact,  CLA  was  superior  to  tocopherol 
in  this  regard.  In  order  to  investigate  whether  interference  with 
oxidative  processes  in  cells  might  be  implicated  in  cancer 
prevention  by  CLA,  we  examined  the  effect  of  CLA  on  two 
markers  of  cellular  oxidative  damage  in  the  mammary  tissue 
of  rats  fed  either  a  high  com  oil  (unsaturated  fat)  or  high  lard 
(saturated  fat)  diet.  These  markers  were  malondialdehyde 
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(MDA),  an  end  product  of  lipid  peroxidation,  and  8-hydroxy- 
deoxyguanosine  (8-OHdG),  an  oxidized  base  isolated  from 
DNA.  Lipid  peroxidation  products  have  been  implicated  in 
mediating  the  formation  of  8-OHdG  in  DNA  (10).  A  recent 
publication  from  Thompson’s  laboratory  has  also  reported  that 
the  number  of  8-OHdG  residues  in  mammary  gland  DNA 
increased  in  proportion  to  the  degree  of  fatty  acid  unsaturation 
(as  determined  by  iodine  value)  in  the  diet  oils  (11).  More 
importantly,  the  rate  of  increase  was  sensitive  to  the  presence 
or  absence  of  nutritional  levels  of  antioxidants  such  as  vitamin 
E  and  selenium.  Because  of  the  above  findings,  we  felt  that 
these  markers  would  be  appropriate  in  assessing  whether  the 
antioxidant  activity  of  CLA  is  manifest  in  vivo.  Our  goal  was 
to  investigate  the  possible  relationship  between  the  modulation 
of  oxidative  damage  and  the  efficacy  of  cancer  protection 
by  CLA. 

Materials  and  methods 

Source  arid  composition  of  CLA  and  other  dietary  fats 
The  method  of  CLA  synthesis  from  >99%  pure  linoleic  acid  was  detailed  in 
our  earlier  publication  (6).  CLA  was  custom  ordered  from  Nu-Chek  Inc. 
(Elysian,  MN).  Gas  chromatographic  analysis  showed  that  three  particular 
isomers,  c9,rll-,  r9,cll-  and  /10,cl2-CLA,  constituted  ~90%  of  the  total. 
From  our  experience  over  several  years,  we  have  found  that  there  were 
minimal  variations  in  isomer  distribution  from  batch  to  batch. 

A  ‘vegetable  fat  blend’  was  prepared  by  Kraft  Foods  Inc.  at  their  Technology 
Center  (Glenview,  IL).  This  fat  blend  was  designed  specifically  to  simulate 
the  fatty  acid  composition  in  the  average  US  diet.  It  consisted  of  39.5% 
soybean  oil,  22%  palm  oil,  12.5%  high  oleic  sunflower  oil,  9%  cottonseed 
oil,  8.5%  coconut  oil  and  8.5%  cocoa  butter.  The  reason  that  plant  oils  were 
used  exclusively  was  to  minimize  the  CLA  content  of  the  fat  blend.  Gas 
chromatographic  analysis  showed  the  following  composition:  C8:0,  0.9%;; 
00:0,  0.7%;  02:0,  5.1%;  04:0,  2.3%;  06:0,  18.8%;  06:1,  0.2%;  08:0, 
5.6%;  08:1,  31.8%;  08:2,  29.5%;  08:3,  3.4%;  C20:0,  0.4%;  C22:0,  0.3%; 
CLA,  not  detectable.  The  above  ‘vegetable  fat  blend’  has  a  polyunsaturate/ 
monounsaturate/saturate  fatty  acid  ratio  of  1:1:1,  which  provided  a  fatty  acid 
profile  similar  to  that  found  in  the  typical  US  diet. 

Two  other  commercial  fats  were  used  in  this  study:  Mazola  brand  com  oil 
was  obtained  from  Best  Foods  (Somerset,  NJ)  and  lard  was  purchased  from 
Harlan  Teklad  (Madison,  WI).  Lard  contains  -0,3  mg  CLA/g  fat. 

Design  of  mammary  cancer  chemoprevention  experiments 
Pathogen-free  female  Sprague-Dawley  rats  were  purchased  from  Charles 
River  Breeding  Laboratories  (Raleigh,  NC)  and  housed  in  an  environmentally 
controlled  room  with  a  12  h  light/12  h  dark  cycle.  Mammary  tumors  were 
induced  by  a  single  i.g.  dose  of  7.5  mg  DMBA  at  50  days  of  age.  Animals 
were  palpated  weekly  to  determine  the  time  of  appearance  and  location  of 
tumors.  At  necropsy  the  mammary  glands  were  exposed  for  the  detection  of 
non-palpable  or  microscopic  tumors.  Only  histologically  confirmed  adenocarci¬ 
nomas  were  reported  in  the  results.  In  general  between  10  and  15%  of  the 
tumors  found  in  all  groups  (with  or  without  CLA)  were  fibroadenomas.  Tumor 
incidences  at  the  final  time  point  were  compared  by  x2  analysis  and  the  total 
tumor  yield  between  groups  was  compared  by  frequency  distribution  analysis 
as  described  previously  (12). 

The  first  experiment  involved  feeding  rats  a  diet  containing  different  levels 
of  the  ‘vegetable  fat  blend’  at  10,  13.3.  16.7  and  20%  by  weight,  with  or 
without  1%  CLA.  Thus  there  were  a  total  of  eight  dietary  treatment  groups 
in  this  design.  All  diets,  which  were  prepared  according  to  the  AIN-76 
formulation  (6).  were  started  1  week  before  DMBA  and  continued  until 
sacrifice  (23  weeks  post-DMBA).  Ip  has  previously  described  the  method  of 
nutrient  adjustment  for  diets  containing  different  levels  of  fat  so  that  the 
intake  of  protein,  vitamins,  minerals  and  calories  was  similar  among  the 
different  groups  (13). 

At  necropsy,  the  uninvolved  (non-tumor-bearing)  mammary  glands  from 
selected  groups  were  excised  and  immediately  dropped  into  liquid  nitrogen. 
Upon  removal  from  storage  at  -80°C,  the  frozen  samples  were  pulverized 
and  total  fat  was  extracted  with  chloroform/methanol.  The  separation  of 
phospholipids  and  neutral  lipids  was  achieved  with  the  use  of  a  Sep-Pak  silica 
cartridge  as  described  in  our  earlier  publication  (6).  Gas  chromatographic 
analysis  of  the  fatty  acid  methyl  esters  (including  CLA)  was  determined  by 
the  method  reported  previously  by  Chin  et  al.  (2). 

The  second  experiment  involved  feeding  a  diet  containing  either  20%;  corn 


oil  or  a  mixture  of  8%>  corn  oil  +  12%  lard,  both  with  or  without  1%  CLA. 
Lard  was  chosen  over  tallow  because  of  the  much  lower  CLA  content  in  lard 
(4  mg  CLA/g  fat  in  tallow  versus  0.3  mg  CLA/g  fat  in  lard).  The  12%  lard 
in  the  diet  therefore  contributed  <4  mg  CLA/100  g  diet,  an  amount  that  was 
insignificant  compared  with  the  level  of  1%  CLA  used  in  this  experiment.  It 
should  be  noted  that  the  lard  diet  also  contained  8%  com  oil.  The  reason  was 
the  previous  finding  of  a  high  linoleate  requirement  for  mammary  tumorigenesis 
in  the  DMBA  model  (3.14).  Similar  to  the  above  protocol,  the  feeding  of  the 
corn  oil  or  lard  diet  ±  1%  CLA  was  started  1  week  before  DMBA  and 
continued  until  sacrifice. 

The  third  experiment  involved  feeding  a  20%  com  oil  diet  with  either  0.5, 
I  or  1 .5%  CLA.  The  purpose  was  to  determine  the  dose-response  characteristics 
with  respect  to  CLA  in  the  presence  of  a  linoleate-rich  diet  and  to  compare 
the  results  obtained  here  with  our  previous  study  of  CLA  efficacy  (also  at 
0.5.  1  or  1.5%)  in  rats  fed  a  5%  corn  oil  diet  (6).  Corn  oil  consists  of  -60% 
linoleate.  Thus  the  5  and  20%  corn  oil  diets  contain  -3  and  12  g  linoleate/ 
100  g  diet  respectively.  The  purpose  was  to  find  out  whether  a  diet  that 
was  rich  in  linoleate  would  require  more  CLA  to  achieve  a  maximal 
inhibitory  effect. 

Determination  of  MDA  and  8-OHdG  in  mammary  tissue 
A  separate  experiment  was  set  up  to  evaluate  the  effect  of  CLA  on  markers 
of  lipid  peroxidation  and  cellular  oxidative  damage  in  the  mammary  gland. 
Rats  were  fed  the  same  corn  oil  or  lard  diet  with  or  without  1%  CLA  as 
described  in  the  above  section.  However,  they  were  not  treated  with  DMBA 
and  the  feeding  period  only  lasted  2  months.  At  necropsy,  the  abdominal 
inguinal  mammary  gland  chains  (glands  4-6)  were  excised  and  dropped 
immediately  into  liquid  nitrogen. 

Tissue  MDA  was  quantified  as  its  thiobarbituric  acid  (TBA)  derivative  with 
reverse  phase  HPLC  and  photometric  absorbance  detection  at  535  nm  based 
on  an  extensive  modification  of  the  method  described  by  Draper  and  Hadley 
(15).  Mammary  gland  samples  were  homogenized  with  a  Polytron  in  water 
containing  a  1  %  antioxidant  solution  (AOS;  0.3  M  dipyridyl  and  2%  butylated 
hydroxyanisole  in  ethanol),  1  part  mammary  tissue  to  9  parts  water  (w/v). 
The  samples  were  centrifuged  at  6500  g  and  the  fat  plugs  were  removed, 
followed  by  further  homogenization  to  resuspend  the  pellet.  Since  optimal 
reaction  conditions  were  found  to  vary  with  protein  concentration,  an  amount 
of  homogenate  containing  -1.2  mg  protein  was  prepared  for  hydrolysis.  The 
homogenate  was  combined  with  7.5  pi  5  N  HC1.  7.5  pi  AOS  and  enough 
water  to  bring  the  volume  to  1.5  ml.  The  covered  tubes  were  heated  to  96°C 
for  3  h.  They  were  cooled  quickly  in  tap  water  and  30  pl/tube  sodium  tungstate 
(NaVWOii)  was  added  to  facilitate  precipitation  of  protein.  After  centrifugation 
at  6500  g  for  10  min,  1  ml  supernatant  was  then  transferred  to  a  clean  glass 
tube.  An  aliquot  of  0.75  ml  TBA  solution  (1.11%  TBA  in  74  mM  KOH)  was 
added  to  each  tube,  followed  by  heating  for  90  min  to  form  the  MDA-TBA 
adduct.  Samples  were  quickly  cooled  and  the  pH  adjusted,  if  necessary,  to 
between  2.5  and  4.0.  The  MDA-TBA  adduct  was  separated  using  a  4.6X  150 
mm  C18  column  (Beckman  Ultrasphere  ODS)  and  a  mobile  phase  consisting 
of  32.5%  methanol  in  50  mM  potassium  phosphate  buffer,  pH  6.0,  delivered 
at  1.5  ml/min.  Photometric  absorbance  detection  was  at  535  nm.  MDA  was 
quantified  by  comparison  of  sample  peak  heights  to  those  of  the  standard 
prepared  from  1.1,3,3-tetramethoxypropane.  The  final  results  are  expressed  as 
nmol  MDA/mg  protein.  Protein  in  tissue  homogenates  was  quantified  by  the 
Bradford  method  using  a  commercial  dye  reagent  (BioRad  Protein  Assay; 
BioRad  Laboratories,  Richmond,  CA). 

For  the  assay  of  8-OHdG,  the  various  procedures  of  DNA  purification  from 
the  mammary  gland,  the  enzymatic  digestion  of  DNA  to  deoxynucleosides, 
the  isocratic  separation  of  8-OHdG  and  deoxyguanosine  (dG)  by  HPLC  and 
the  quantitation  of  8-OHdG  with  an  electrochemical  detector  were  described 
in  detail  in  a  recent  publication  from  Thompson’s  laboratory  (11).  The  only 
modification  introduced  here  was  the  elimination  of  phenol  from  the  DNA 
isolation  procedure.  Detector  response  was  linear  from  10  to  >800  pg/ 
injection  for  8-OHdG  and  from  <500  to  6000  ng  for  dG.  Results  are  reported 
as  residues  8-OHdG/lO6  residues  dG.  The  simultaneous  analysis  of  both 
deoxynucleosides  on  a  single  HPLC  injection  abrogated  the  need  for  a 
recovery  standard. 

Results 

Table  I  summarizes  the  mammary  cancer  chemoprevention 
data  of  CLA  in  rats  fed  different  levels  of  fat.  Tumor  incidence 
at  the  time  of  necropsy  was  significantly  reduced  (P  <  0.05) 
by  CLA  treatment  in  each  of  the  four  fat  groups.  In  the  absence 
of  CLA  supplementation,  the  total  number  of  tumors  increased 
by  ~40%  (from  71  to  98)  in  the  range  10-20%  dietary  fat 
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Table  I.  Mammary  cancer  prevention  by  CLA'  in  rats  fed  different  levels  of 
fat2 


Dietary  fat 
level 

CLA 

Tumor 

incidence 

Total  no.  of 

tumors 

Inhibition  (%) 

10% 

68.8% 

71 

10% 

1% 

40.6%c 

31c 

56% 

13.3% 

81.3% 

74 

13.3% 

1% 

46.9%c 

40c 

46% 

16.7% 

87.5% 

94 

16.7% 

1% 

59.4%c 

46c 

51% 

20% 

90.6% 

98 

20% 

1% 

59.4%c 

49c 

50% 

aThe  fat  used  in  this  experiment  was  the  'vegetable  fat  blend’  as  described 

in  Materials  and  methods.  There  were  32  rats/group. 

bPercent  inhibition  was  calculated  using  the  tumor  number  data. 

CP  <  0.05  compared  with  the  corresponding  control  group  without  CLA. 

intake.  However,  as  indicated  in  the  last  column  of  the  table, 
the  magnitude  of  tumor  inhibition  in  CLA-treated  rats  was 
fairly  consistent  across  all  fat  groups:  56%  reduction  on  the 
10%  fat  diet,  46%  reduction  on  the  13.3%  fat  diet,  51% 
reduction  on  the  16.7%  fat  diet  and  50%  reduction  on  the  20% 
fat  diet.  This  observation  suggests  that  the  efficacy  of  CLA  in 
mammary  cancer  prevention  is  independent  of  the  level  of  fat 
in  the  diet.  The  number  of  fibroadenomas  found  across  all 
groups  was  very  low  and  CLA  did  not  affect  the  formation  of 
these  benign  lesions. 

The  uninvolved  (non-tumor-bearing)  mammary  glands  of 
rats  from  selected  groups  were  processed  for  fatty  acid  analysis 
in  the  neutral  lipid  and  phospholipid  fractions.  The  results 
from  four  dietary  treatment  groups  (10  and  20%  fat  ±  CLA) 
are  presented  in  Table  II.  The  data  are  expressed  as  percentages 
of  total  fatty  acids.  As  indicated  in  footnote  b,  each  value 
represents  the  mean  of  seven  to  eight  samples,  but  since  the 
standard  error  of  the  group  mean  is  generally  within  5%  of 
the  mean,  the  SEM  is  omitted  from  the  table  in  order  to  make 
it  more  readable. 

In  the  neutral  lipid  fraction,  the  three  predominant  fatty 
acids  were  06:0,  C 1 8: 1  and  08:2.  In  rats  fed  10  and  20% 
fat  without  CLA  the  most  significant  change  was  an  increase 
in  08:2  incorporation  (P  <  0.05)  in  the  20%  fat  group.  The 
feeding  of  1%  CLA  in  diets  containing  10  and  20%  fat 
increased  the  netural  lipid  CLA  content  by  17.5-fold  (from 
0.2  to  3.5%)  and  12-fold  (from  0.2  to  2.4%)  respectively,  but 
did  not  alter  the  proportion  of  the  other  fatty  acids  in  any 
substantial  way. 

Analysis  of  the  phospholipid  fraction  showed  that  Cl 6:0, 
C18:0,  08:2  and  C20:4  accounted  for  >90%  of  total  fatty 
acids.  In  particular,  the  high  level  of  C20:4  incorporation  was 
a  distinctive  characteristic  of  phospholipids.  Thus  the  fatty 
acid  profile  found  in  phospholipids  was  different  from  that 
found  in  neutral  lipids.  Again  there  was  no  evidence  that  CLA 
supplementation  perturbed  the  distribution  of  linoleate  or  other 
fatty  acids  in  phospholipids.  Interestingly,  the  increase  in  CLA 
incorporation  in  phospholipids  (~0.3%)  was  much  smaller  in 
magnitude  compared  with  that  observed  in  neutral  lipids  (~2- 
3%).  These  findings  suggest  that  there  is  selectivity  of  CLA 
incorporation  in  different  classes  of  lipid. 

Table  III  shows  the  mammary  cancer  chemopreventive 
activity  of  CLA  in  rats  fed  either  an  unsaturated  fat  (com  oil) 
or  a  saturated  fat  (lard)  diet.  It  was  apparent  from  the  data 
that  CLA  was  equally  effective  in  suppressing  tumorigenesis 


regardless  of  the  type  of  dietary  fat  intake.  Furthermore,  the 
magnitude  of  tumor  inhibition  seen  in  this  experiment  was 
very  similar  to  that  described  in  the  first  experiment  (Table  I). 
In  other  words,  with  a  constant  dose  of  DMBA,  feeding  of 
1%  CLA  reduced  the  number  of  mammary  tumors  by  ~50% 
and  this  activity  was  evidently  unaffected  by  the  fat  content 
(level  or  type)  in  the  diet. 

The  efficacy  of  CLA  in  inhibiting  lipid  peroxidation  and 
oxidative  damage  in  mammary  tissue  was  assessed  by  measur¬ 
ing  MDA  in  mammary  gland  homogenate  and  8-OHdG  in 
mammary  gland  DNA.  The  results  are  presented  in  Table  IV. 
In  this  experiment  rats  were  fed  the  same  com  oil  or  lard  diet 
with  or  without  1%  CLA  as  in  the  mammary  carcinogenesis 
experiment  shown  in  Table  III.  However,  the  animals  were 
not  treated  with  DMBA  and  they  were  sacrificed  after  2 
months  of  feeding.  MDA  levels  were  significantly  elevated  in 
rats  fed  the  com  oil  versus  the  lard  diet  ( P  <  0.001),  this 
finding  thus  confirms  the  increased  susceptibility  of  unsaturated 
fat  to  peroxidation.  Feeding  of  CLA  was  associated  with  a 
reduction  in  MDA  in  the  mammary  tissue  in  both  fat  groups 
(P  <  0.001).  This  effect  was  somewhat  greater  in  rats  fed  a 
rich  unsaturated  fat  diet  (com  oil,  35%  reduction;  lard,  25% 
reduction;  P  =  0.02).  Diet-associated  differences  in  tissue 
levels  of  8-OHdG  were  less  remarkable.  A  10-15%  increase 
in  8-OHdG  levels  was  detected  with  feeding  the  com  oil 
versus  the  lard  diet  ( P  ~  0.08),  however,  tissue  levels  of  this 
oxidized  base  were  unaffected  by  CLA  ( P  =  0.42). 

It  has  been  reported  previously  that  1%  CLA  produced  a 
maximal  inhibitory  effect  on  mammary  carcinogenesis  in  rats 
fed  a  5%  com  oil  diet  (6).  No  further  protection  was  detected 
at  levels  above  1%  CLA.  In  order  to  find  out  whether  the 
dose-response  characteristics  with  respect  to  CLA  might  be 
different  in  rats  fed  a  20%  com  oil  diet,  an  experiment  was 
carried  out  to  evaluate  such  a  possibility  (the  protocol  was 
otherwise  identical  to  the  previous  5%  com  oil  experiment 
with  CLA  supplemented  at  0.5,  1  or  1.5%).  As  pointed  out  in 
Materials  and  methods,  the  difference  in  linoleate  intake  is 
substantial  between  a  5  and  a  20%  com  oil  diet.  If  the  action 
of  CLA  is  totally  dissociated  from  the  availability  of  linoleic 
acid,  the  dose-response  characteristics  with  respect  to  CLA 
are  likely  to  be  the  same  in  rats  consuming  either  a  5  or  20% 
com  oil  diet.  The  results  in  Table  V  clearly  show  that  maximal 
tumor  inhibition  was  obtained  with  1%  CLA  in  rats  fed  a  20% 
com  oil  diet.  Increasing  the  concentration  of  CLA  to  1.5%  did 
not  lead  to  a  greater  benefit  in  cancer  protection. 

Discussion 

CLA  is  not  the  only  fatty  acid  known  to  inhibit  carcinogenesis. 
Eicosapentaenoic  acid  and  docosahexaenoic  acid,  which  are 
representative  of  the  n- 3  polyunsaturated  fatty  acids  in  fish 
oil,  also  fit  this  category  (16).  However,  CLA  differs  from  the 
fish  oil  fatty  acids  in  two  distinct  aspects  as  far  as  their 
efficacies  are  concerned.  Whereas  fish  oil  is  usually  required 
at  levels  of  ~10%,  CLA  at  levels  of  1%  or  less  is  sufficient  to 
produce  a  significant  cancer  protective  effect  (7).  Additionally, 
there  are  a  number  of  papers  which  have  indicated  that  an 
optimal  ratio  of  fish  oil  to  linoleate  in  the  diet  is  critical  in 
achieving  maximal  tumor  inhibition  (17-19).  As  can  be  seen 
from  the  present  study,  the  potency  of  CLA  in  cancer  prevention 
is  largely  dissociated  from  the  quantity  and  type  of  dietary 
fats  consumed  by  the  host. 

A  possible  mechanism  of  cancer  prevention  by  fish  oil  n- 3 
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Table  II.  CLA  incorporation 

in  neutral  lipid  and  phospholipid  fractions  of  mammary  gland3 

Fatty  acid 

Neutral  lipidb 

Phospholipid1" 

10%  fat 

20%  fat 

10%  fat 

20%  fat 

-CLA 

+CLA 

-CLA 

+CLA 

-CLA 

+CLA 

-CLA 

+CLA 

02:0 

1.2 

1.2 

1.6 

1.6 

04:0 

1.7 

1.9 

1.7 

1.6 

1.1 

1.1 

1.2 

1.1 

06:0 

24.3 

24.7 

21.3 

20.5 

19.6 

19.5 

20.4 

21.1 

06:1 

3.9 

3.9 

3.0 

1.5 

0.5 

0.4 

0.4 

0.3 

08:0 

3.9 

3.6 

3.7 

4.8 

37.3 

38.1 

38.2 

37.6 

08:1 

42.3 

38.9 

40.4 

38.8 

5.1 

4.9 

4.6 

4.8 

08:2 

20.9 

21.0 

26.2 

27.0 

11.5 

11.3 

10.7 

11.6 

08:3 

0.9 

0.9 

1.3 

1.2 

0.5 

0.4 

0.4 

0.3 

C20:4 

0.7 

0.4 

0.6 

0.6 

24.3 

23.9 

23.3 

23.2 

CLA 

0.2 

3.5 

0.2 

2.4 

0.1 

0.4 

0.1 

0.4 

100 

100 

100 

100 

100 

100 

100 

100 

aThe  samples  were  processed  from  uninvolved  glands  of  rats  reported  in  Table  I. 

bResults  are  expressed  as  percent  of  total  fatty  acids.  The  sum  of  each  column  is  equal  to  100%.  Each  value  represents  the  mean  of  7-8  samples,  the  SEM 
generally  being  within  5%  of  the  mean. 


Table  III.  Mammary  cancer  prevention  by  CLA  in  rats  fed  either  an 
unsaturated  fat  or  a  saturated  fat  diet3 


Dietary  fat 

CLA 

Tumor 

incidence 

Total  no.  of 
tumors 

Inhibition  (%)b 

Corn  oil 

83.3% 

68 

Com  oil 

1% 

40.0%c 

35c 

49% 

Lard 

80.0% 

60 

Lard 

1% 

40.0%c 

32c 

47% 

aThe  unsaturated  fat  diet  contained  20%  com  oil,  while  the  saturated  fat  diet 
contained  8%  corn  oil  +  12%  lard.  There  were  30  rats  per  group. 
bPercent  inhibition  was  calculated  using  the  tumor  number  data. 

CP  <  0.05  compared  with  the  corresponding  control  group  without  CLA. 


Table  IV.  Effect  of  CLA  feeding  on  MDA  and  8-OHdG  levels  in  mammary 
gland3-1" 

Dietary  fat 

Malondialdehyde 

8-OHdG 

(nmol/mg  protein)0 

(residues/ 106  dG)d 

-CLA  +CLA 

-CLA  +CLA 

Com  oil 

1.39  ±  0.08  0.90  ±  0.14 

4.00  ±  0.26  4.05  ±  0.20 

Lard 

0.43  ±  0.03  0.32  ±  0.02 

3.38  ±  0.26  3.75  ±  0.30 

aRats  were  fed  either  the  com  oil  or  lard  diet  with  or  without  1%  CLA  for 
2  months. 

bResults  are  expressed  as  mean  ±  SE  (n  —  9). 

cBy  factorial  analyses  of  variance  the  following  effects  on  malondialdehyde 
were  noted.  Type  of  fat,  F  ratio  88.903,  P  <  0.001;  CLA,  F  ratio  13.76, 

P  =  0.001;  interaction  between  fat  type  and  CLA,  F  ratio  5.62,  P  =  0.024. 
dBy  factorial  analyses  of  variance  the  following  effects  on  8-OHdG  were 
noted.  Type  of  fat,  F  ratio  3.18,  P  =  0.08;  CLA,  F  ratio  0.42,  P  =  0.42; 
interaction  between  fat  type  and  CLA,  F  ratio  0.37,  P  —  0.54. 

polyunsaturated  fatty  acids  has  been  postulated  to  be  through 
perturbation  of  eicosanoid  biosynthesis  (19,20).  In  vivo,  linoleic 
acid  is  converted  to  arachidonic  acid,  which  is  the  precursor 
for  the  various  eicosanoids  produced  via  either  the  cyclo¬ 
oxygenase  or  lipoxygenase  pathways.  The  data  presented  in 
this  paper  tend  to  suggest  that  CLA  is  unlikely  to  interfere 
with  the  metabolic  cascade  involved  in  converting  linoleic 
acid  to  eicosanoids.  First,  the  anticarcinogenic  efficacy  of 
CLA  was  not  affected  by  variations  in  linoleate  intake,  as 
demonstrated  by  the  experiments  reported  in  Tables  I  and  III. 


Table  V.  Mammary  cancer 
a  20%  corn  oil  diet3 

prevention  by  different  levels  of  CLA  in  rats  fed 

CLA 

Tumor 

Total  no.  of 

Inhibition 

incidence 

tumors 

(%)b 

93.3% 

87 

0.5% 

70.0% 

53c 

39% 

1% 

50.0%c 

37c 

57% 

1.5% 

46.7%c 

34c 

61% 

“There  were  30  rats  per  group. 

•"Percent  inhibition  was  calculated  using  the  tumor  number  data. 
CP  <  0.05  compared  with  the  control  group  without  CLA. 


Second,  similar  dose-response  characteristics  with  respect  to 
CLA  at  1%  and  below  were  noted  in  rats  fed  either  a  5  or 
20%  com  oil  diet  (6;  Table  V).  No  further  protection  was 
evident  with  supplementation  of  CLA  above  1  %  in  both  cases. 
The  fact  that  the  effect  of  CLA  maximizes  at  1%  may  indicate 
a  limiting  step  in  the  capacity  to  metabolize  CLA  to  some  active 
product(s)  which  is  essential  for  inhibition  of  carcinogenesis. 
Suffice  it  to  note  that  absorption  of  CLA  is  probably  not  a 
confounding  factor  here,  because  tissue  accumulation  of  CLA 
continues  to  rise  with  dietary  levels  above  1%  (unpublished 
data). 

In  all  the  carcinogenesis  experiments  included  in  this  paper, 
CLA  was  given  to  the  animals  starting  1  week  before  DMBA 
and  continuing  until  termination  of  the  experiment.  We  adopted 
this  protocol  initially  with  the  experiment  shown  in  Table  I, 
and  in  order  to  maintain  uniformity,  followed  the  same  protocol 
in  subsequent  experiments  reported  in  Tables  III  and  V. 
However,  we  have  observed  that  CLA  does  not  affect  DMBA 
binding  to  mammary  cell  DNA  (7)  nor  does  it  affect  phase  II 
conjugating  enzymes,  such  as  glutathione  S-transferase  and 
UDP-glucuronyl  transferase  (6).  In  other  words,  CLA  is 
expected  to  have  little  influence  on  DMBA  activation  or 
detoxification.  It  can  thus  be  conjectured  that  the  major  impact 
of  CLA  on  mammary  carcinogenesis  with  the  above  protocol 
is  due  to  its  inhibitory  effect  on  tumor  promotion  or  progression. 

Some  explanation  is  called  for  here  about  the  finding  that 
in  rats  which  were  maintained  on  the  ‘vegetable  fat  blend’ 
diet  there  was  a  small  but  detectable  amount  of  CLA  in  the 
mammary  tissue  even  though  the  animals  did  not  receive  an 
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exogenous  supply  of  CLA,  In  an  attempt  to  determine  whether 
the  bacterial  flora  in  the  colon  of  rats  could  be  the  source  of 
CLA,  Chin  et  al.  (21)  have  recently  examined  the  tissue  levels 
of  CLA  between  conventional  and  germ-free  rats  which 
were  fed  diets  with  or  without  free  linoleic  acid.  With  the 
conventional  rats,  tissue  CLA  concentrations  were  5-10  times 
higher  in  those  animals  given  a  5%  linoleic  acid  supplement. 
In  contrast,  CLA  concentrations  in  tissues  of  germ-free  rats 
were  not  affected  by  the  addition  of  linoleic  acid.  These 
findings  strongly  suggest  that  the  intestinal  bacterial  flora  of 
rats  is  capable  of  converting  linoleic  acid  to  CLA. 

As  shown  by  the  data  in  Table  II,  there  might  be  some 
selectivity  in  the  incorporation  of  CLA  into  different  lipids 
following  ingestion  of  a  diet  rich  in  CLA.  When  expressed  as 
a  percentage  of  total  fatty  acids,  CLA  is  more  abundant  in 
neutral  lipids  than  in  phospholipids.  It  is  unclear  whether  this 
uneven  distribution  of  CLA  in  various  lipid  fractions  has 
any  relevance  to  cancer  risk  modulation.  Because  of  the 
configuration  of  the  trans  double  bond(s)  in  CLA,  the  incorp¬ 
oration  of  CLA  in  membrane  phospholipids  could  conceivably 
diminish  the  fluidity  of  the  lipid  bilayer.  On  the  other  hand, 
the  small  amount  of  CLA  in  phospholipids  tends  to  argue 
against  the  significance  of  a  membrane  effect.  The  storage  of 
CLA  in  neutral  lipids  could  portend  the  importance  of  this 
pool  in  providing  a  continuous  supply  of  CLA  for  generation 
of  some  active  metabolite(s).  Further  research  is  needed  to 
examine  the  rate  of  turnover  of  CLA  in  neutral  lipids  and  the 
possible  oxidative  modification  of  CLA,  similar  to  that 
observed  with  linoleic  acid  (22-24). 

The  ability  of  CLA  to  suppress  lipid  peroxidation  was  first 
described  by  Pariza’s  laboratory  (9).  In  that  work  linoleic  acid 
was  exposed  to  air  and  moderate  heat  with  or  without  a  very 
small  amount  of  CLA  for  an  extended  period  of  time.  Under 
those  conditions  the  degree  of  linoleic  acid  oxidation  (peroxide 
value)  was  determined  by  the  thiocyanate  method  (25).  It  was 
hypothesized  that  an  oxidized  derivative  of  CLA  might  be  the 
active  antioxidant  species,  rather  than  CLA  itself  (9).  According 
to  the  proposed  scheme,  which  is  supported  by  spectrophoto- 
metric  evidence,  a  P-hydroxy  acrolein  moiety  would  be  intro¬ 
duced  across  the  conjugated  double  bond  of  CLA  following 
reaction  with  a  hydroxyl  or  peroxyl  radical  and  molecular 
oxygen.  Antioxidant  activity  would  result  from  chelation  of 
iron  by  the  P-hydroxy  acrolein  functional  group,  thereby 
interfering  with  the  Fenton  reaction.  A  recent  paper  by  van 
den  Berg  (26),  however,  contradicted  the  above  conclusion. 
These  investigators  studied  whether  CLA  could  protect  mem¬ 
brane  vesicles  composed  of  l-palmitoyl-2-linoleoyl  phos¬ 
phatidylcholine  from  oxidative  modification  under  various 
conditions.  Oxidation  was  determined  by  direct  spectrophoto- 
metric  measurement  of  conjugated  diene  formation  and  by  gas 
chromatographic/mass  spectrometric  analysis  of  fatty  acids.  It 
was  found  that  CLA  neither  acts  as  a  radical  scavenger  nor  is 
it  converted  into  a  metal  chelator  in  the  Fe2+  ion-dependent 
oxidative  reaction.  Thus,  at  least  in  a  model  membrane  system, 
CLA  does  not  function  as  an  effective  antioxidant  or  antioxidant 
precursor. 

The  results  presented  in  Table  IV  may  provide  new  clues 
as  to  the  effect  of  CLA  on  oxidative  events  in  vivo.  MDA 
levels  were  lower  in  mammary  tissue  of  CLA-treated  rats  and 
the  suppressive  effect  was  somewhat  greater  in  rats  fed  the 
more  unsaturated  dietary  fat.  Since  MDA  was  measured  in 
whole  mammary  gland  homogenate,  it  is  likely  to  represent  the 
peroxidation  of  neutral  lipids,  which  are  found  predominantly  in 


the  mammary  gland  adipocytes.  As  shown  in  Table  II,  CLA 
is  also  preferentially  incorporated  in  the  neutral  lipid  fraction. 
On  the  other  hand,  the  levels  of  8-OHdG,  which  are  only 
marginally  affected  by  the  type  of  dietary  fat  and  not  at  all  by 
CLA  supplementation,  are  probably  a  better  indicator  of  DNA 
oxidative  damage  that  may  be  causally  related  to  tumor 
promotion/progression.  The  presence  of  8-OHdG  has  been 
implicated  in  mismatching  errors  and  base  substitutions  in 
DNA  replication  (27,28).  The  absence  of  a  detectable  effect 
of  CLA  on  8-OHdG  is  also  consistent  with  the  lack  of  a 
significant  accumulation  of  CLA  in  the  phospholipid  fraction, 
which  is  likely  to  originate  from  mammary  epithelial  cells.  In 
summary,  based  on  the  information  obtained  in  this  study, 
we  believe  that  the  ability  of  CLA  to  inhibit  mammary 
carcinogenesis  is  not  mediated  by  protecting  the  target  cell 
DNA  against  damage  induced  by  reactive  oxygen  species. 
Current  research  is  focused  on  using  a  mammary  epithelial 
cell  culture  model  (29,30)  to  generate  new  insights  into 
potential  mechanisms  of  CLA  in  regulating  growth  and  differ¬ 
entiation. 
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